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CHAPTER 6, GEIERAL METALLURGY OF MANGANSSS 


Se 


By EF. 8. Dean 


The metallurgy of manganese has developed along the lines of iron metal- 
lurgy, Enough high-grade ore has been available so that by reduction with 
carbon it could be turned into an iron-manganese alloy and a slag containing 
some 9 to 15 percent manganese. More siliceous ores have been smelted in the 
blast furnace to form iron-silicon—-manganese alloys called spicgel. 


When lower-grade ores came in for serious consideration, which has only 
been since 1914, two types of processes received the most considcration ~~ 
aydrometallurgical processes to produce a concentrate which could be smelted 
lixe the higher-grade ore and processes invelving concentration of the manga- 


ey a manganiferous iron ores by preferential reduction of the iron 
(154)2., 


Special chapters in this bulletin are devoted to the production of ferro- 
manganese from ore, the hydrometallurgy of manganese, and the Bureau of Mines 
modification of the preferential reduction process, 


Other methods of producing manganese alloys from low-grade or refractory 
cres have been suggested and may find future anplication. 


Manganese has a very high affinity for sulphur and is particularly 
adaptable to concentration by matte smelting. According to Betts (26) ; 
manganese silicate may be smelted with nyrite to give manganese sulphide and 
iron silicate, This method would be ap»ylicable to concentration of cither 
the silicate or carbonate ores. The sulphide, once obtained, could be roasted 
to oxide and reduced in the usual way. 


Another possibility for the production of mangancse from silicate ores 
involves their reduction by silicon or manganese silicides. Swedish Patent 
98290, February 25, 1925, covers the reduction of a slag rich in manganese 
by silicon~manganese alloy containing more than 10 percent silicon, Joseph H. 
Brennan (38) describes the concentration of manganese iron ores by partial 
reduction with silicon. Beckett (3 4,19) describes the reduction of manganese 
dioxide with a manganese silicide for the production of standard ferromanganesc, 
Beckett gives as a typical alloy, manganese 61!,4, silicon 24.6, and as a typi- 
cal ore, 55,50 manganese as MnO. The product of the reaction betweon these 
two is 80.11 percent manganese and 1.22 percent silicon. 


Se a ee ee 
2 Chief engineer, Metallurgical Division, U.S. Bureau of Mines. 


5 Throughout parts I to IV, numbers in parentheses refer to items in this 
bibliography, and page nuimbors to those in the reference cited. 
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CHAPTER 7. HYDROMSTALLURGY OF MANGANESE 


By wdmund S$. Leaver® 


Hydronetallurgical methods for utilization of low-grade devosits of 
manganese ore present a difficult problem in comoarison with the usual leach- 
ing processes for the recovery of precious metals or even with the process of 
leaching a l-percent copper ore. In the concentration of manganese ore by 
lixiviation metnods the solvent must be cheap or tirough regeneration become 
available for reuse at low cost. This is easily understood when we consider 
taat the average milling grade of manganese ore will exceed 15 percent in 
mangancse content and will require a corresponding amount of chemical in the 
solvent solution to react witn it to effect dissolution necessary for separa- 
tion and removal from the ore residue, Other »roblems are the recovery of 
the manzanese from the solvent solution anc the regeneration of the chemicals 
used. the feasidility of treating manganese ores by hydrometallurgical »ro- 
cesses is, of course, governed by the cost of treatment and the selling price 
of the manganese product, The high cost of dissolving the manganese mineral 
ana the ease with which the solutions can be nurified favor the preparation 
of a high-grade »roduct. Such products include the manganese cornmounds that 
enter into the textile industry and the manufacture of electric batteries, 
glass, .ottery, tile, brick, oaint, ink, and fertilizers, 


LARGE MANGANESE DEPOSITS IN THE UNITED STATES 


The princival large bodies of manganese ores known to be available in 
tne United States and thought to be probable sources of sunply for some form 
of hydrometallurgical treatment are listed in table 65. 


viore details on the occurrence of each of these manganese deposits, in- 
cluding nhysical vroperties and results of concentration experiments, are 
given in chapter 4 


TYPES OF ORES 


From a hydrometallurgical standvoint manganese ores may be divided into 
several types: (1) Ores in which the manganese mineral is readily soluble 
in at least one solvent: (2) ores in which the manganese mineral requires 
preliminary treatment to make it soluble; (%) ores containing manganese in 
insoluble form; (4) ores which destroy excessive amounts of solvents due to 
soluble impurities; (5) ores which present »hysical provertics that increase 
the cost of treatment. 


4 ietallurzist, U. S. Bureau of Mines. 
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TASLE 


65. - arse Manganese Deposits in the Unite 


~ 


—m = - 


d State 


(Possible source for hycrenetallurgical treatment) 


Name and location | 


——ao —_— 


Kingman: Cistrict, Aric«. dcaswse€ 


PAGCSVILLG4 ATIC: ~@seje sow wow oes 
Leadville, Colo. ... 


Cartersville district, Goa: aeeae 


Cuyunea., ifinn, Scvereiae ca Ginbeuewae: 


Tonnne 


ee ee ee oe 


50,009,000 


420,000 
3,000,000 


5,000,000 


30,000,000 


° 
he hb e -* 
4 


ls ’ 
| ~ . 


Butte, Mont, Ceceeeereerreeneeereee 


Philinsburg, Mont, eecsvrnrsevseveco 
Las Vegas, MCV e paexsw ate wie ink eae 


Little Florida Mountains, N Mex, 
Silver City, Ne Mex. e@ecorees eg 0@ 
Chamberlain, Se Dal, - evece aaa 


Blue Ridge, Va. CCT CEC SHE OCHO EP OR® 


1/ Very large. 
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400 ,000 
(1) 


1,780,000 
285,000 


790,000 
1,009,090 
100,000,000 


1,009,000 


Type of ore 


Oxides in sand-= 


stone and snale,. 


Ferruginous clay 


and shale, 


ferruginous in 
limestone, 


Clay and quart- 
zite. 

Finely dissemi- 
nated ferru- 
ginous, si- 
liceous chert, 


Silicesus oxides, 


Siliceous car= 
bonate, 


Quartz sangue, 
Clay and tuff, 

Felsitic 
rhyolite, 


Dolomite lime, 


Snale with 
nodules ef ---- 


Siliceous clay. 


ifinerel 


Psilomelane, 
quartz, cal~ 
cite, gyosunm, 
feldspar. 

Psilomelane and 
braunite iron 
oxides, 

Oxides of 
manganese and 
iron. 

Psilomelane. 


Psilomelane 
hematite. 


Pyrolusite,. 
Rhodochrosite, 


Pyrolusite anc 
other oxides, 

Wad and pyro~- 
lusite,. 

Wad; pyro- 
lusite and 


' psilomelane. 


Pyrolusite, 
manganite, and 
hematite, 

Carbonates of 
manganese 
iron, Lime. 


‘Psilomelane,. 


~163- 


T.u. 6770 


TAELS 65, -_Large Manganese Deposits in the United States--Continued 


Analysis, percent 


Name and location Remarks 


| 
Kn | Fe | BP :Si0s | 
J 


suipping the 
better grade ore. 


, | | 
Kingman district, Ariz. ...es.6) Esl) 263 10,05 {60,5 | Flotation not 
| | | | satisfactory; 
! | | | ! gravity concen- 
,; , ie ! | ~ ; tration voor, 
Batesville, Ark. cecceccececcere 666! 7.0 ! .20 132.3 | Flotation no hope; 
| | | gravity not suc- 
cessful, 
Leadville, Colo. secsecesseveses! 1965 | 20.4 | 04! 7,41] Better grade,: 
| shivped to | 
| Pueblo. : 
Cartersville district, Ga. ...e.! 31.2 | 
| 
| 


Cuyitias: Minne: side ceuuwadeedeee Los 2955 003 | 25.2 Concentration 
. difficult, 
BUUUEGs: LlOnt<: ssi scusdeuteewsaivew | deed 1 2268 6041 75.0 Flotation nega- 
: tive, 
2 2 @0%} 49 ,4 Flotation good, 
Philipsburg, Mont, cccvcceccscsee| LE i el8 | 08,4 Concentrated with 


big; loss in tails, 
used battery for 
crushing, 
Difficult to con- 
centrate, 
Concentrate and 
ship. 
Does not concen- 
| trate favorably. 
Analysis is for 
‘nocules, 
Concentrated by 


Las Veras. Neve 6.0 iiawdeeuewees 


Little Florida ifountains, Niex. 


Silver City, Ne Mex. cescccscece | 1500 | 3920 


Chamberlain, S. Dax, see eeeereee | 16,9 pil. 
| 
Blue Ridge, V2.6 ee re ee ey a eS oo: D~u a, Sm 


© 
e 
. me 
> 


| 
LE .2 | 16 110.2 | Concentrating and 

| | 

| 

| 

| 

| 

_— 


‘jigs and tables. 


EE AS ES Steel EA ES aT 


aS tee - - o 
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In class 1 belonz all the nisher exides of manganese, such as pyrolusite, 
psilomelane, braunite, and wad, These minerals are readily soluble in acids 
but require a reducing roast to prepare them far ammonia leachinz, In class 
2 belongs rhocochrosite, which requires roasting to expel carbon dioxide be- 
fore the manganese is readily soluble in sulvhurous acid or ammonia, To class 
3 belong rhodonite and the »oartly oxidized black silicate, which are prac- 
tically insoluble in the usual leaching circuits, Class 4 is renvresented by 
ores with high-lime zanzue, which precludes acid leaching and favors an alka- 
line circuit. In class 5 fall ores that contain clay or talc, are more diffi- 
cult to leach, and are usually benefited by roasting, 


DISSOLUTION OF MANGANESE MINERALS IN SULPHUROUS ACID 
7 Altheugh the literature reveals a large numbcr of solvents which have been 
prepared for determination of manvanesa minerals, the rate of solution of 
various minerals nas been investizated in only one’ solvent, sulpnurous acid, 
In U. S. Bureau of Mines PRescrt of Investigations 72024 C. W. Davis gives the 
following experimental data on sulphurous acid dissolution of manganese 
minerals: ce. 


The samoles were crushed in an agate mortar and screened to the de- 
sired particle size; 5-gvam mineral samples and l-liter portions of a 
Senercent (by weiznt) SJ. solution were added to 5S-pint bottles which 
were stoppered and agitated on rolls,, Fifty-ml semoles of solution 
were removed from time to time and analyzed to determine the progress of 
the dissolution, Whenever a sample was taxen, 50 ml of a fresh 2 percent 
SO» solution was added to retard the depletion cf S05, The ratio of so- 
lution to sample was such as to make the quantity of 50, equivalent to 
at least five times tne manganese present, so that the change of concen- 
tration of 50,5 during the test was not great. siadied 


The results of tests to show the effect of particle size on the rate of 
dissolution of manganese minerals and products in sulphurous acid solutions 
are given in table 66, Preliminary tests indicated that the rapid dissoiu-= 
tion of pyrolusite, psilomelane, braunite, roasted rhodochrositc, and roasted 
manganite would make it difficult to follow the course of the action of finely 
crushed samples, The tests for these minerals end roasted products are tnere- 
fore confined to -G +10 mesh samples, For other minerals -28 +100 mesh samples 
were found more satisfactory. 


The rate of the dissolution may be seen from table 66,and from the curves 
of figure 18. It is interesting to note that the rate is similar for -6 +10 
mesh pyrolusite, psilomelane, braunite, roasted manganite, and roastod 
rhodochrosite, over 90 percent of their manganese being dissolved in 3 hours, 
These products anparently could be leached without fine grinding, 


The rate of dissolution ef hausmannite (~6+10 mesh) during the first 12 
days is mach slower than that of the products mentioned before and it takes 
longer to dissolve comnletely. 
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TIME, HOURS 


solution: 1, Pyrolusite 


lomelane and others are similar so are not ine luded: 2, hausmannite 
- 2, manganite (-28+100 mesh); 4, rhodochrosite (-28+100 mesh). 


re 18.— Rate of dissolution of manganese minerals in 2 percent SO 
psi 


(-6+10 mesh), 
(—6+10 mesh) 


Figu 


1305-6770 


TABLE G6, - Rate of Dissolution of Manzanese Minerals 
En =Perce re 050 Selutious at. Roo 


Ler: ere. Sure 2 7 300 x) 


o-oo 


ore 


Ee a ee oo ee nee 
| | : es og Percent extraction of manganese 


Liesn  Predt- on . sor Gio tetony ame intervals 
og Sample ~~ eee eee ee eee 
a ok on| before | min-|hours sfnours [nowrs! nours| mek days| days 
ss Saedineomenal bs | 4 } leaci sie ae Sees ee 
1 Pyrolusite .. 6 | 10} Hone | €1,4! 09.451 95.01 '97.81100.0 
2\Psilomelane «| .6 | 10; do | 86,0) 95,5! 98,11 100 
5 |Hausmannite , 6G | 10| do | 40,8 57.0] 37,4 BO 
inca fd 10} €o | 87,8] 92.8] 96.0] 9s 
5 jilanganite 1/, 6 ay do |. eZ) 12.8) 18,91 25,8) 
6j do se0.} 28 1100! do | 14.7] 24,3] 44,5} 
OOo. sees 6 | 10) Roasted, 75.5) 9064) 96.2/100. 
8 nen 26 |100] None | 6,0} 10,5! 20,1! 38, 
9 | 6 | 10)Roested| 84,8] 95.2! 93.1! 99 


° I : | 
te ee ee mem le ~ eee ne ee we - 


1/ The m The manganite broice into elongated Qpleces such that although they passed a 


6-mesh screen their longest dimension was several times as great as their 
shortest, . 


Manganite and rnodochrosite are atta ced much inore.slowly, the smaller nar- 
ticles of manganite (-23+190 mesh) requiring; 4 days of dissolution and those of 


rhodochrosite more tnen 6 days, Roastin:: such minerals before leaching might de 
desirable, 


Table 67 contains the results of tests to determine the time required to dis- 
solve manganese minerals and roasted vroducts of Gifferent sizes at two different 
temneratures (for the more refractory minerals}. In brief, the results show thot 
decrease in varticle size and treatment at 400C. (instead of at 25°C.) increase 
the rate of cdissoluticn, They also show that fine grinding, in the case of 

manganite, and fine grinding: ane heated solutions, in the case of rhodochrosite, 
reduce the time of comolcte dissolution of these minerals to such an extent as te 
be comoarable with the time renuired to dissolve the manganese from -6+10 mesh 
sammles of the other minerals, 


Whether it would be better to use a vreliminary roast or to denend on fine 
grinding; and hot solutions for treating; the more refractor; manganese minerals 


would have to te determined by larce-scile tests of the material under investiga- 
tion. 
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TABLE 67, - Zffect of ‘enrerature and Size on Rate of Dissolution 
of isanganese .. sinerals in 2-Percent S02 Solutions 


Room Temoerature (425°C.) 


ee eee RE Ne epee Pe” Meee ts teen ed Soe eee ea Pee aa are, ar gaa ts eee a Gy ee EARP = * re 
: . 


ee time for comlete extraction 
No.  Samle =6410 | -25-4100 | -1004200 | ~200 | =-1004200 | -200. 
‘ | i |. aesh mesh | mesh | mesh | mesh 
| | } 
1 Byrolusite eees| 16 Aours] - - | 1s mimates! 4 2 ee ess" 
2 iPsilomelane ...! 12 hours: - - | do -- | «-- , aac 
_ 3 Hausmannite eee] 24 houre| - = 2 hours - - . | 1 hour) -- 
a co sae -~ ee foe : 30 minutes! - - 15 minutes| - - 
5 Braunite ......| 20 hours| --, | 16 minutes; ene Mites 
6 |Manganite ...../</6,days | 4 days| 2 days 16 Sima 6 hours’ | 4 hours 
7! do 1/ ...| 12, hours}. - -. 15 minutes; - - -- |{-- 
8 IRhodochrosite .| .- -— 6 days|4/2 days | 2 cays | 1 day [11 hours 
9 do 1/; 18 hours] - -. 15 minutes! - - — -~- 


10 Wad — —~ = fm, - do 7 aie ee 
| | -_ | | | all 

iva The minerals were roasted. at 800°C. to give these products, 

2/ 92.5 oercent of the manganese extracted, 

3/ 97.5 vercent of the manzanese extracted, 

4/ 94.0 »vercent of the manganese extracted, 


DISSOLUTION OF MANGANZSS# IN CRES IN SULPHUROUS ACID 


zests were made to cetermine whether dissolution of tue manganese minerals 
of various ores could be effected by sulvhurous acid solutions. A partial 
analysis of the ores, with a statement of their source and the results of. treat-— 
ment with SO. solution, is given in table 68, 


Samoles 1 and 2 were commercial metallurgical ores; samples 3, 4, and 5 
were concentrating ores from which chemical grade concentrates were used in 
the manufacture of batteries; samoles 6 and 7 usually are classified as 
manganiferous iron ores and represent material of which large tonnages have 
been developed; and sarmles 8, 9, and 10 are from prospects, 


The ores were prepared by zrinding to -100-mesh, °° The conditions of 
testing were as follows: 2i-gram samoles, 1 liter of 4 vercent (by weight) 
S05 sania and agitation in SBHORD Ene bottles on rolls for 16 hours at 
2000, 


‘The results in table 68 show tnat a satisfactory amount of manganese 
was dissolved from nearly all of the ores tested and that in only one 
instance was the extraction notably poor, 
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TABLE 68. - Dissolution of Manganese from Ores by Sulphurous Acid 


Percent 


Seurce | Mn 
Oe eee ee ee ee ee ee | os ee dissolved 
I. 

1 Crescent mine, Olympia Poninsula, Wash, | 49.6 | 0.87, 13,5 100 

2 Livermore :disvrict, Calif, | 45.7} 1.4] 20.1 100 
3 Trout mine, Phiilivspury, wiont. L954 |. Le 18.3 96 3 
4 Climax mine, Puilipsbur,.;, iont. | 5504] 1.7 | 26.2 99.3 
5 Moorlight mine, Philipsburg, Nont, 25.4! 1.2, 35.2 94,7 
6 Cuyuna district, Mi:n, 22 oH | 33.3 | 2% 98 .c 
7 do 4.1] 22.4 | 37.9 98,1 

8 Near Silver Citz, N. Mex. 16.9 | 25.6 | 10,5 97 2 
9 sear Midas, Liev. Llew| Set} 68.1 59.8 
10 Near noneland, Calif, 19.8! 2.9 | 63,9 98 8 

111/ | Xineman district, Arie, 6.4] 2.5 | 68,0 100 

121/ | Las Vegas, Nev. | 21.6 | 240 RE ecw dee beak 55,0 | 100 


Se eee eae Cea es 
Vo Adced by author «: 


it would seem oe manganese ores containin; the comnon mavfanese minerals, 

except rhodonite, can be successfully treated so that a large part of their 
manganese content is cissolved in S05 solution. The results do not warrant « 
definite statement as to their rates cf dissolution, which, even for the same 
minerals from different sources, might vary greatly owing to differences in 
physical or chemical coimosition or to the presence of imourities tnat might 
exert electrolytic erfects.. This uncertainty is illustrated by the results 
given previously for different svecimens of braunite. 


BRADLEY PROCESS (402) 


Under the firm name of Bradley-Fitch Syndicate, Ltd., Wilson Bradley and 
nis associates develoned in the Lake Suserior mining region an adaptation of 
ammonia leaching that nas received much attention, Their results warrant de- 
tailed cescriotion, The process was intended primarily for leaching siliceous 
manganese iron ores. of the Cuyuna range, Minnesota, but can be acapted for 
the treatment of the higner oxides of manganese. 


An imoortant feature for the recovery of the manganese is a low-temperature 
(400°C .) roasting of the ore at 65-mesh in a reducing atmosonere formed by the 
introcuction of hydrogen-carbon monoxide gas and water vapor (35, 36). By 
close regulation of the roast MnOo is reduced to MnO and Fe20, to the magnetic 
Fez04. ‘The calcine must be cooled out of the presence of air to prevent re- 
oxidation, It is then agitated with ammonium sulphate liquor at about 88°C, 
for 30 minutes, The reduced manzanese oxide readily dissolves as manganous 
sulphate, with generation of ammonia gas. The gas. nasses to a series cf 
scrubbing towers, Tue puly is filtered; and the filtrate containing the 
manganous sulnhate also goes to the scrubbing towers, passing countereurrent 
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with an excess of ammonia, Under this condition the ammonia reacts with 
manganous sulnhate to regenerate ammonium sulphate and precipitate manganous 
hydroxide, By the introduction of air with the amaonia gas the manganous 
hydroxide (Mn(0iI)>) is changed to the more stable manganic hydroxide (iin0.0K).-. 
It may then be settled, washed, dried, and sintered, The ammonium sulphate 
remaining in solution is reused to leach a fresh charze of the prevared =~ 
manganese calcine (nO). 7 


A double system of digestion or leaching is employed; the liquor from the 
first tani: goes to vrecinitation, and clean solution is used to finish the 
leach in the second tank, tnen this solution is used on a new charge in the 
first tanc, By this method iron imourities are precinitated in the first tanx 
by the fresh ore containing excess manzanese oxides. The final residue from 
the second treatment is passed to magnetic sevarator for the recovery of the 
iron, 


Pilot Plant 


The »ilot slant installed at the Hinnesota School of ijines (fig. 19) had 
a cavacity of about 4 tons per day. It operated with ore of about this com— 
‘osition: Manganese, 17 percent; iron 29.93 percent; silica, 24.42 percent; 
alumina, ae 14 meEceny; lime, 1.0 percent; and shosvhorus, 0.06 percent, 


The ore was” Sravea with jaw crushers to 4 inches, screened, then crushed 
vith Symons cone to 1/4 inch and finished with Hardcinge ball mill with Dorr 
classifier in water: circuit. to nass 65-mesh, The pulv was thiclzened in a 
Dorr thickener and dewatered on Dorr filters to about 10 vercent moisture. 

The filter cake was dried ina rotary—typé kiln. drier using the waste~gas 
heat from the reducing furnace, A Herreshoff~tyve furnace was used to reduce 
iim05 to MnO and Feo0, to.Fez04, the objective being that the calcine contains 
the minimum amount of iin0> because manganese in this form is not soluble in 
ammonium sulphate; and the. minimum amount of FeO because iron in this form is 


soluble in amnonium sulphate, The best results were obtained with low- 


temmerature (400°C «} roast. .The city gas was used as the reducing agent, and 


“it as 


Percent - , Percent 


“ [1luminants — 844 H 40,1 
CO., a ote ae CHy 12.8 ° 
o* "0,3 - N 5.3 


00 ee, B89 


| The: ‘selective en whereby. the- ection of iin0>o to MnO is nearly 
commlete before the iron reduces to “FeO is claimed.as a Bradley discovery, 


and the good control of the roasting operation to prevare the calcine is a 


necessary condition for -ood leaching’ ‘results. ‘The hot calcine is cooled 
out of the presence of air. before. Soing to mane, leaching system, 


Flow Sheet ae, set te 


By following the accomanying flow-sheet (fig. 19) details of the process 
may be better understooc., Two iron digesters of a tray tyne 6 to 18 inches 


ne oo, 
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in depth, so made that they can be heated on the bottom, are used in the treat- 
ment of the ore for dissolution of the manyanese, ‘Tne olan is to allow maximum 
surface to permit easy exoulsion of ammonia vaoor, 


The prenared calcine goes to the orimary digester, where it is agitated 
with 5 to 15 narts of liquor containing about 1) percent ammonium sulphate, 
and as this liquor is a wash advanced from the secondary digester it also con- 


tains about 4 percent manganese sulnhate in solution and small amounts of iron 
as imourities, 


Tne amount of liquor used in digestion of the ore will vary with the per- 
centage of manganese to be dissolved, For this reason the percentage of ammon- 
lum sulphate and manganous sulnhate carried in solution is a better guide to 
the quantity of solution needed for the best results, Tne pregnant solutions 
are held near 6 nercent manganous sulonate and 7 percent ammonium sulvhate, 
Only SO percent of tiie mananese is orecipitated in each cycle. 


the time of treatment in the primary disestcr is about 30 minutes at 88°C, 
to obtain about 60-percent extraction of the manvanese. The ammonia vapor ex- 
pelled during treatment in the digesters is drawn into the ammonia tower to be 
usea for precipitating manganese from the sulohate sclution and for regenerating 
ammonium silpnate, liost of the iron entering as immurities in the liquor ad- 
vanced from the secondary digester is precipitated by the excess manganese that 
remains in the pulpy during the treatment in the first dizester,. 


The vartly treated on from the primary dizester, containing in solution 
about 6 vercent manzunous sulphate and abovt 7 percent ammonium sulvhate, flows 
to a senarator or filter; the clean solution goes to the ammonia tower and 
there passes countercurrent with ammonia vavor for the nrecivitation of about 
half of its manganese as manzanous hydroxide; oxygen (in the air) is admitted 
with the ammonia vapor, or the precinitate is agitated in contact with air to 
produce the stable manganic hydroxide (km0.0H), which is removed by filter and 
sintered to obtain a product as high as 70 percent manganese, The residue from 
the filtration of tne »ulp from the primary digester goes to the secondary 
digester for continued treatment, 


In the secondary digester the partly leached ore is further treated, as 
in the »rimary digester, exccot that liquor from the tower after precivitation 
plus about 1.5 percent fresh ammonium sulvhate is used to insure maximum removal 
of the manganese. Tuis solution contains about 11.5 ».ercent amnonium sulnhate 
plus 3 percent manganese sulphate, After treatment and filtration the solution 
is advanced for use in the first digester. The leached tails go to magnetic 
concentrators for recovery of magnetic iron (¥ez04). 


During the leacnine periods the solutions at 88°C, dissolve manganese and 
corresvondingly lose free amnonia, and both of the reactions are reversed in 
the »recivitator; that is, a larzre volume of 10 vercent ammonium sulphate solu- 
tion takes wo about 2 rercent manganese sulphate in addition to the 4 percent} 
it then held, maxing a 6—-nercent »re:mant solution, and curing this additional 
dissolution corresyondingly loses aitionia, reducing the ammonium sulphate 
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content to about.7 vercent. Both go to the cooler towers, where vassing 
countercurrent the ammonia  recipitates manganese and recnters the solution 
as ammonium sulphate, The. exit solution from the towers containing about 10 
percent ammonium sulphate and 3 percent manganese sulynate is built w by the 
acdition of 1.5 percent.fresh ammonium sulphate and then used in the second 
digester to take wo virtually all of the soluble manganese remaining in the 
ore, and in-doing so the solution is built up by an additional 1 percent of 
manganese sulphate, 


Washing 


Both the residue from the secondary digester and the precipitates from 
the towers require washing to recover leach solution containing armonium svl- 
phate and manganese sulonate. The excess water thus added to the system is 
an imoortant consideration, as.it requires expensive evaporation to maintain 
solution concentration at the economical point. In washing this residue the 
best results were obtained by the use of vacuum filters; centrifuges are pro- 
yosed as likely of development, 


Magnetic Concentration 


The residues from the treatment of Cuyuna manganese ores were treated 
over a magnetic loz washer with indicated recovery of 70 percent total iron in 
a product containing 2-1/2 percent manganese. 

Sintering 


It is provosedc. to sinter botn the manganese and the iron byoroducts if 
tbey are to be used for metallurgical nurvoses, 


Svaporation 


Multiple effect evanorators were favered, but on account of cost the 
simle tyoe of direct evenoration was adopted, 


Irmurities 


In Ane method of Nesenins ‘manganese ores the solvent shows a oreference 
for manganese over iron, therefore. little or no iron should be dissolved in 
the primary digester. The iron dissolved during treatment of the low-grade 
manganese pulp in the secondary digester should,after the solution aavances 
to the. nrimary digester, be mostly precipitated by the excess manganese as 
ferrous hydroxide and eliminated from solution. If imoortant enough the small 
amount of soluble iron remaining in the solution may be precipitated with a 
little ammonia before the soluticn is advanced to the towers for precinitation 
of the manganese. Manganese precedes iron in leaching, wherefore iron »re- 
civitates more rapidly. than manganese from the leach solution, 


During the’ leaching a chemical. reaction changes the oxide to a sulvhate 
ef manganese with the evolution of amnonia gas 
“mo + (GtBa) o S04, = Mns0, + 2 NHy + E50 ° 
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The manganese in solution as manganous sulphate is sevaratec from the 
residual ore and pumped to a standard ammonia tower, where it passes counter- 
current with ammonia. gas yeleased.in the reaction. Under the conditions in 
the tower manganous hydroxide is vrecipitated. 

’mS04 + 2 NHy + H,0 = (NH4)2 S04 + Mn (OH) 94 7 


The manganous hydroxide reacts witi oxygen from the air and readily 
changes to the nartly dehydratec manganic hydroxide . : 
2in(OH)> +0 = 2 ind . Oil + Hod. | 
This stable ~roduct is awaenice: dried, and sintered. 


A flow Sheet (fie, 20) indicatin-= the »rincival reactions is given as an 
alia in following the rocedure of the process. 


OWaay PROCESSES 


Prof. A. T. Sweet and his associates at the Michigan School of Mines, 
houghton, biich,., develovec two methods for sulvhatizins manganese and extract— 
ing it from ores, In one method carbonate or lime ores are roasted with 
amnonium sulnhate, and in the other low-—lime and relatively high-iron manga- 
nese ores are roasted witn sulonuric acid to produce soluble manganese sul- 
phates. Both processes devend woon the reaction obtained by roasting the sul- 
phate at a temoerature hizher than the decomposition ooint of iron sulphate, 


Sweet Amnonia Process 


fhe ammoniacal leach method was develoned for beneficiation of the coia- 
olex carbonate ores tnat occur along tne Missouri river near Chamberlain, 
S. Dak, The manganese occurs as nodules in shale in the ratio of 1 ton of ore 
to 10 tons of waste. The nodules or ore show by analysis: Manganese, 16 per- 
cent; iron, ll vercent; »vhosphorus, 0.429 nercent; silica, 13 percent; mag- 
nesium, 1,87 percent; lime, 15 percent; aluminum, 2.75 percents; loss on igni-~ 
tion, 26 vercent. hiost of the elements in the ore are intermixed as complex 
carbonates. 


_ An experimental yvlant with capacity of 1 ton ner cay was operated as 
indicated under the following flow sheet (fig. 21). 


A descrintion of the yrocess by Professor Sweet states: 


1. The ore was crushed dry. According to the results of a series of 
tests, crushing to minus 65 mesh gives satisfactory results. 


2e The finely crushed material is mixed with the amnonium sulphate, 
and a little moisture is desirable, The moisture seems to aid in inti- 
mately mixing the ore and the sulphate, 


3, Tne mixed pulp is run to the roaster, where the COo is driven off, 
the sulyhate broken up, and the ammonia (NHz) is liberated. The ammonia 
and COs are discharged to a tower, collected in the water, and used later 

on in the process as a »nrecipitant. The sulohate puln is sent toa 
countercurrent leaching system, 
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4. The leach solution from the first thickener of the countercurrent 
decantation system is clarified and sent to the precipitation tank, The 
anmonium carbonate solution from the tower is admitted, and the manganese 
is precipitated as the carbonate,’ the emmonium sulphate being thereby re~- 
generated, = a5 , | 


o. The vrecinitated manganese carbonate is sent to filtration and 
sintered, 


6, The washed pulp from the final thickener of the countercurrent de- 
cantation system is also washed in carbonate solution, steamed, and washed, 
with the recovery of the ammonium sulphate for the next leach, 


The quantity of reagent used in this process is a function of the 
manganese content and the amount of COs present in the ore, The time of 
roast may vary from 30 minutes to 45 minutes, depending on the temperature. 


This method is particularly suited for the treatment of manganese carbon- 
ate ores because the ammonia, on delivering the sulphate ion to the manganese, 
joins with the liberated COo to form a desirable precipitant for the manganese 
which was taken in.solution. The temperature of the roast snould be kept at 
about 430°C., as higher temperatures will break up and lose part of the 
ammonia. - 


Sweet Acid Process 


os The second Sweet process is more suitable for ores in which lime and its 
associate minerals are very low and may contain relatively high iron, The 
.. procedure in the peraticn is easily followed by ewferring to figure 22, 


The steps given by Professor Sweet follows. 


. (1) The ore was crushed and ball-milled through 65-mesh, The crush- 
ing was done dry, though 1( percent moisture in some of the samples did 
not interfere with the reactions nor with the subsequent roasting opera- 
tion. : 


(2) The ground pulp was mixed with sufficient sulphuric acid to take 
care of the lime and magnesite, together with the small amount of other 
carbonates which were present, This operation was facilitated by the use 
of a small concrete mixer, The pulp when properly mixed with the acid 
was very dry. , 


(3) The acidified nuly, which'was composed of the sulphates of lime, 
magnesia, manganese, and iron, was introduced into the Herreshoff roast—- 
ing furnace. This furnace was fired with an oil burner in one of the 
bottom holes, The temperature at the point of maximum heat was about 
790°C, 


(4) The roasted product of the furnace, a bright Indian red in color, 
was cooled and Gronped into an agitator, and water sufficient to take 
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the soluble salts into solution was admitted, The ore was agitated for 
about an hour and then decanted to the thickeners, where it was washea 
by countercurrent decantation, The pregnant solution from tue first 
thickener was CGischargec to precipitation tanks, 


(5) A steam coil was arranged in the precipitation tanks, and the 
solution was evavorated to precivitate the manganese sulnhate. The 
crystals first forming on the precivitation tank were skinmed off by hand 
and were found very hin in magnesium sulphate, Skimming proved to de 
one method of remcving; some of the ma;mesia, 


(6) The manganese sulnnate fron the precipitation tanks, or more 
proverly from the evanoration tanks, was sent to a Dwight-Lloyd sintering 
machine, which produced a hard, norous sinter assaying on the average 
about 60 percent manganese, which was present in Mng04. The sinter con- 
tained magnesia and some silica, Very little iron was oresent in the 
finished vroduct, and the phosnhorus was very low, It was impossible to 
save the SO, in the sintering operation in the laboratory, but its reclama— 
tion offers only a mechanical difficulty which should be overcome. 


The special feature’ in the orocess is the roasting with ere acid 
above the temmerature needed to break uw» any iron sulphate that may be formed, 
The disadvantages are the cost of acid and the cost: of evaporating the sul- 
~hate solution. 


Tydic cat Examples of Sulvhatizing Process 


(1). South Daxota Nanganosiderites 


Percent Le aa CER Se eee er nee eee 
Sample .. | Mn | Iron | Silica ic SR | Phosphorus 
Head assay 26,0 “13,3 10,5 | 20 OD ! 0.40 
1301 | 50.0 | 658 
oe 


residue et 24,0 
Se ies oe ee nn te ee a | 


ee: oe oo 


NOTE.- The "résidue" in the above and following tables refers to the »uln 
remaining after the leaching of the manganese sulpnate, 


This table shows an extraction of well above 90 vercent, but because of 
tne high lime content the acid loss is excessive, 


(2) Lake Swerior Iron Ore 


a 


Sariole Phosphorus 
Head assay 0,05 
Residue AGIs 
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This, oi course, is a good extraction, and the low loss of acid due to 
lime and magnesia is a desirable feature of the ore. The iron contained some 
sulphur because of the incomplete extraction of the manganese sulvhate, Sin- 
tering of the finely divided iron, however, is possible and results in the re- 
moval of the sulvhur, 


sweet Chloride-Leach Process 


. Professor Sweet also exnerimented with a third vrocess, which he calls 
"chloride leach." It is not thought to nave any particular advantaes over 
his sulphuric acid process and he does not indicate its imoortance. The 
method, with flow sheet (fig, 23), is ziven because it examplifies the large 
emount of thought that has been erven to chloride leaching. 


. The process is best exolained in er oeseer Sweet's words as follows: 
yar arochloric Acid and Soluble Chloride Processes 


__ ifumerous attents have been wade to use hydrochloric acid as a solvent 
for manganese, the chief obstacle in the way being the presence of the calcium 
commounds in the ore, As in the case of sulphuric acid, the calcium forms a 
very stable compound with the acid and consumes so much of the reazent that 
it makes its use prohibitive, With the ore low in lime and allied elements 
the vrocess has the advanta,;e of being able to extract the manganese without 
the iron in a very easily controlled overation, As is true when sulpnuric 
acid is used, the adcition of raw ore to the pregnant solution from the final 
thickener reduces the iron content of the solution to practically nothing, 


The ore need not be crushed to as fine a mesh as is necessary in the use 
of sulphuric, for the chloride of lime is very soluble and thus forms no pro- 
tective coating which delays sobution, 


Crushing to 10-mesh and subjecting the ore to the leach solution, agi- 
tating, thickening, and washing: are the steps in the process of removal, Ore 
is addec. to the circuit at the point where the pregnant solution leaves for 
precipitation, The waste which is taien out of the final washing tank may 
contain enough iron to be a valuable byproduct. Ferric cnloride may be sub- 
stituted for nydrochloric acid with very satisfactory results, Ammonium 
chloride under special conditions also takes the manganese ‘into solution, 


LEAVER DRUM-LEACHING PROCESS 


This vrocess is described in Bureau of Mines Bulletin 173, A patent 
(U. S. Patent 243015) was granted to BH. S. Leaver Uovember 18, 1918, It is 
based on the rapid dissolution of the various higher manganese oxides, espec- 
ially pyrolusite, psilomelane, and wad, in hot sulyhurous acid formed by 
introducing hot furnace gas containing 2 to 6 percent S05 (by volune) counter- 
current to a puly flow having a consistency of 2 of water to 1 of ore crushed 
to about 20-mesn, The carbonate of manganese is made soluble in sulphurous 
acid by roasting; the Beers is insoluble. 
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The dissolution of the manganese minerals is effected in the Leaver drum 
(fig. 24), A double-drum system is recommended, ‘The puly enters one end of 
the drum, and the hot waste furnace gas containing SO> enters the opposite end 
of the drum, Intimate mixing during the countercurrent flow results in the 
pulp becoming progressively warmer until it exits at about 45° C., at which 
temperature it retains practically no free S0o-gas. 11 the dissolved manga- 
nese is-in the form of the sulvhate when the pulv flows from the drum.” 


By the use of tandem drums the iron and »vhosphorus that dissolved in re- 
moving virtually all the manganese during treatment in the second drum will be 
precivitated on returning this solution to the new charge in the ball mill or 
the first drum. This is exnlained by the changed condition in the overation, 
The advance solution is used to pulp fresh manganese ore and immediately loses 
its slight acidity in dissolving manganese. In this neutral solution, the re- 
maining large excess of undissolved manganese, having a greater affinity for 
the sulphate iron, readily renlaces the iron and phosphorus, The precivitated 
iron and phosphorus become vart of the residual ore flowing through the circuit. 


The pulp discharze from the first drum should .ass to a pressure-type fil- 
ter for separation of the almost saturated solution ‘(manganese sulphate) and 
the partly leached ore to be revuloed for continued treatment in the second 
drum, The filtrate is crystallized or evaporated by using waste heat from the 
furnace... The resultant sulvhate is roasted by a direct flame in a rotary-type 
Clinker furnace at a temoerature of 825° to 1,000° C, The calcined product 
should run from 60 to 64 percent manganese, The SOp and the SOg existing with 
tne furnace gas may be reused in the leaching drum, This »rocess, the essen- 
tial features of which were worked out for the Phelys Dodge Corporation by 
G. D, van Arsdale and C. G, Maier (U. S. Patent 1348068) was used at the Copper 
Queen Smelter at Douglas, Ariz., in 1918 on a 10~ton experiment vlant for 
teaching an oxidized manzanese~silver ore, 


Better understanding of the details in eae toatl of the proposed 
adouble—drum system can be optained from the flow sheet (fig. 25). 


Ball Mill: 


The oxidized manganese ores or the calcine from the roasted carbonates 
after primary crushing are fed to a ball mill for wet crushing to 20 mesh in 
circuit with a classifier, The leach filtrate from the second drum in the 
circuit is the solution used in the ball mill. It carries 3 to 6 percent of 
manganese aS manganous sulphate and the immurities that are dissolved in com-~ 
pleting the leaching of the manganese ore, and it is practically neutral, On 
contact with a large excess of fresh manganese dioxide ore most of the impouri- 
ties, including the dis solved iron and phoszhorus, are precipitated in the. 
nuly within the ball mill, 


‘Leaching Drum No, 1-. 


The overflow pul. from the ball-mill classifier goes to the first leach- 
ing drum for the vreparation of an almost. saturated solution of manganous sul- 
ohate (nearly 11 percent). This is accomlished by intimate contact between 
the mineral particles and the SO> of the furnace gas by breaking the pulp into 
a fine spray throughout the length of the drum and passing the gas counter- 
current with the flow. For better understanding of the operation a description 
of the drum erected by the Miami Conper Co. is given (fig. 24). 
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. This drum was 7'4" inside diameter by 40'0" inside length and had a rated 
capacity of 100 tons per day for leaching oxidized covper ores. It was built 
of fifty-four 3-by 6—-inch redwood staves bound with iron hoops and set hori- 
zontally, revolving at 14 r.o.m, On the inside center of each stave a groove 
was cut at an angle of 30° to hold the lifters, which were made of li by 4 
inch lumber and fastened to the stave with:wooden dowel pins, On the inside 
length of the drum thirty-eight 2-inch circular vertical baffles were set 1 
foot apart and extended to the inside circumference, Each of these baffles 
contained ninety-nine 4-inch holes set stargered in four circles, each hole 


20> 


in the outer circle set directly under one of the 54 lifters. 


_ The half of each 4-inch hole toward the center was cut square, and through 
each of the 99 holes in the vertical baffles extended a longitudinal baffle 
of 2— by 4— by 38-inch lumber, held ridigly in vlace by wooden nins,. 


In the center of each vertical disk or baffle a circular hole 24 inches in 
diameter was provided as a manway for inspection or repair, On the circum- 
ference of this 24—inch circle were equally snaced 14 pieces of 2- by 4~— by 
38-inch lumber, fastened by wooden pins to each vertical baffle. This passage- 
way along the center of the drum was closed at rezular intervals by solid 29- 
inch wooden disks to divert the gas flow and cause part of the gas to flow 
alternately from the center toward the circumference and back through the 
next section. The -20-inch disks were easily removed for inspection, altnough 
tnere was little need for entering the drum, The »nulp enters the drum throug 
a gas stack providea.to exit the waste gas. The movable joint connecting the 
stack and drum was sealed avite satisfactorily by the use of two 36-inch by 
4%-incn auto tires on which were bolted two machined plates, These plates 
formed the seal, and the tires allowed for both horizontal and vertical move-—- 
ment, On the pulp exit end, which is also the hot-gas intake, a trap is pro- 
vided to seal the nulp discharge, and a syecial design cast-iron seal with 
asbestos packing joints, allowing for both vertical and horizontal movement 
was orovided by Allis Chalmers Co, The drum was sunported by two 16-inch by 
8-foot inside-diameter iron castings and held in »lace by double tapering 
wedges driven between the outsid- of the drum and the inside of the casting, 
The 2=inch vertical disks within the drum were doubled at the point of tne 
carrying castings. On the circumference of each casting 90~oound iron rails 
were trued to the circle and fastened by set-screws; the circular rails re- 
volved on, 30-inch car wheels, two sets on each side in trunnion form, 


The drive shaft extendec through both sets of car wheels on one side of 
the drum and by. friction between the revolving car wheels and the circular 
rail satisfactorily turned the @rum, ‘The accompanying diagram (fig. 24) 
shows construction details, “ . 


The pulp is lifted by inside buckets similar to a tailings wheel; as the 
buckets empty and the pulp splashes over each of the longitudinal baffles the 
SO> gas passes directly into the spray througn the half-circle opening in the 
vertical baffles, Under this condition highest absorption of the gas is ob- 
tained as the pulo enters one end of the drum cold, this permitting alnost 
complete utilization of the S02 before the furnace-fas exits at pulp intacce 
of no, 1 drum, | 
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During treatment in no, 1 drm it is »lanned to dissolve only 60 to 70 
percent of the soluble manganese. With an excess of readily soluble manza~ 
nese and S05 gas and a limited ratio of solution to ore the pulp exit solu- 
tion is saturated with manganous sulphate, It is difficult to filter this 
nearly saturated solution from the nulv; vacuum filters are not. Bauer eCUOrys 
and pressure=-tyne Filters should be used, 


yoo 


The filter cake from no, l drum is repulped with fresh or wash water so- : 
lution and similarly re-treated in no, 2 drum, except that the hot S05 gas 
direct from the furnace first passes through this drum, and the exit cool | | 
Gas, still containing a large excess of S05, is used for dissolution of the . - 
new charge in no, 1 drum, The vul» exiting from no. 2 drum is hot, about © 
45° C., at which temperature the solution contains practically no free SO 
and is neutral, The solution in this pulp contains only 3 to 6 percent 
manganese as manganous sulphate and does not present a difficult filtering 
problem; vacuum filters may be used, The residue is wasted or retained for | 
its gold or silver value, The filtrate goes to the ball millfor reuse ona 
new charge of ore, a 


Pregnant Solution ; 

The manganese is recovered from the almost saturated solution of manganous ’ 
sulphate by crystallization or evaporation, The resulting eulpoere is roasted — 
by direct flame in a rotary-type clinker furnace at 825° to 1,000° C, The’cal~. 
cine from the roaster is hard,. comact clinker, It may contain a small percent- 
age of manganous sulphate, which can be removed by leaching with water. The 
product at the Dovglas plant ran 60 to 64 percent manganese, 


In the evaporation of the pregnant solution a problem in corrosion was 
found to be due to the action of ferrous sulphate and liberated sulnhuric acid; 
leaching in two stages presents a simole solution of this difficulty, As sul- 
phur dioxide has a marked affinity for mangsanese over that shown for uniting 
with iron, and as only 60 percent of the manganese in the ore  .ulp is dissolved 
in the first drum treatment the remaining 40 nercent of manganese insures. the 
dissolution of no iron, and the resultant pregnant liquor will not corrode the 
iron evaporation pans, 


Sulphur Dioxide 
The success of this process depends on cheep sulphur dioxide. It may be 
obtained as a waste vroduct in various smelting operations, also by the roast- 
ing of iron pyrite or other sulphides which contain enouzh lead, cooper, sil~. 
ver, gold, or other metals to give the calcine a market value, and-by the re~ 
use of the SOD and S03 in the waste gas from calcining the manganese sulphate, 


Plant Control 
Analytical methods for olant control, including the determinatiqn of S09 
in pure SO5 solution, SQ, and sulphites in drum solution, sulphuric acid con- 


tent of drum solution, total acidity, 505 in furnace gas and acid requirements 
of ores, are given on peges 77 to 81 of Bureau of Mines Technical Paper 312, 
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| Avplication 


It is recognized that evavorat ion, of the mane canese. sulphate solution is 
the exvensive part of the proposed process, and conditions must be favorable 
te eompete with imoorts of high-grade ore, The best chance for success 
appears as an auxiliary process where the residues may contain other valuable 
minerals, such as copper, silver, lead, or gold. As carried out at Douglas 
the process was very néarly a technical and commercial success and might be 
eapolicable. under pavepavre conditions in normal times, 


“WESTLIVG NITRATE PROCESS © 


The Westling nitrate process, Soyceed by U. S. Patent 1520079 of July no 
1924, was used by the American Manganese .Products Co, at its »vlant near 
Redwood City, Calif. After fine grinding oxidized manganese ores were agi- 
tated in tanks similar to the Pachuca type, while the ovulo was digested with 
sulphur dioxide and some air to produce sulphates. The charge was transferred 
to settlement tanks to remove the coarse particles, The solution and suspended 
material were sevarated by an Oliver filter. Powdered calcium carbonate was 
used to precivitate.iron and other imourities from the pregnant solution at 
80° C, Calcium nitrate was then added and the solution heated in open pans to 
separate out the calcium sulphate, which was removed by the Oliver filter. 

The solution containing mariganese nitrate was heated under pressure and thus 
modified into manganese dioxide and nitrous- gases. The nitrous gases were re- 
elaimed by means of scrubbing towers. The manganese dioxide product is of 
 ehemical grade, bat it did not find a ready market and apparently is not 

' suited for the dry-battery industry. —- : 


s 


PROPOSED PROG CESSES, | 


The Rare and Beecious Metals emeriaene Station of the Bureau of Mines 
has recently conducted small laboratory exoeriments on combinations of various 
methods that may aid in imoroving former proposed processes, Four methods 
were considered as offering the best possibilities, | 


No. 1, The original Leaver drum process as given in 3ureau of Mines 
Bulletin 1736 7 


No. 2.° Hieeoive with waste smelter gas (S09) to eueain manganese as 
sulnvhate. Precivitate with ammonia plus air to obtain Mn (OH) and ammonium 
sulphate, filter out manganese hydroxide, boil the filtrate with lime (CaO) 
to expel ammonia, whicn is reclaimed by scrubbing towers for reuse, discard 
calcium sulphate, and calcine iin(OH), to obtain Iin,0y. 


No. 3. Dissolve with SO, to obtain manganese sulphate, Add calcium 
chloride while solution is on the ore to make MnClo and CaSO,, filter, add 
Ca (OH)o to the filtrate, and agitate with air to precipitate oxides of 
meneaneae and regenerate calcium chloride S08 reuse; calcine the manganese 


precipitate, 
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No. 4. Roast with producer gas to reduce manganese minerals to MnO, 
leach with S05 out of the presence of air or oxygen (the SOo in furnace 
gas would need to be absorbed in water and expelled by steam as used) to 
obtain manganese as sulnhite, Heat »re,mant solution to exoel S05 and 
thus precipitate manganese as sulpnite or hydroxide, reuse the SOo and 
calcine the manganese product, 


It is not contended that any methods proposed are practical under the 
_ present general conditions, Special local conditions that supply the 
needed chemicals at nominal cost or offer a market for a particular product 
may present an opening as a profitable oneration, 


The four methoes are comoarec in table 69, 
RECOVERY OF MANGANESE FROM SULPHATE SOLUTION 


A cheap method. for the recovery of manganese from the sulvhate solution 
would very much aid the hydrometallurgy. This problem has been given much 
thought with generally negative results, 


ELECTROLYSIS OF MANGANESE SULPHATE SOLUTION 


che vsual electrolysis failed because the manganese that deposited on 
the cathode readily redissolved in the acid formed. Attempts to protect the 
manganese by simultaneously depositing iron with the manganese on the cathode 
did not aid apvreciably, Our exneriments show that when an electric current 
is passed through a solution of manganese sulphate metallic manganese tends 
to deposit.on the cathode, and more or less manganese dioxide is formed at 
the anode, It is, however, excentionally difficult to obtain a high current 
efficiency at the cathode and to produce a satisfactory metallic deposit, A 
high current efficiency of MnOo formation at the anode is readily obtained, 


A diaphragm seems to be necessary to separate the anode and cathode, 

The solution surrounding tne cathode tends to become alkaline, and unless this 
solution is slightly acid manganese hydrate is Aeposited woon the cathode, 

On the other hand, the metal deposit is readily dissolved by an acid solution 
unless sufficient potential and current density are maintained at the catunode, 
For good results the solution must be excentionally pure, and the concentra- 
tion of acid and manganese sulnhate in the catholyte must be maintained at a 
definite level, The presence of ammonium sulphate appears be beneficial, 


The best laboratory results were obtained as follows: A rotating nickel 
anode was enclosed in a cylindrical alundum diaphragm and surrounded by a 
cylindrical platinum anode, The catholyte contained 5,5 percent manganese as 
sulphate, 8 percent ammonium sulphate, and 0,04 percent free sulphuric acid. 
The acidity was maintained by supplying fresh solution containing 0.21 vercent 
free acid at a rate sufficient to commensate for the electrolytic migration 
of the acid radical, The current density was 100 ammeres per square foot of 
cathode area, A potential of 5 volts was required; the temoerature of the 
electrolyte was 250 C, Under these conditions a good cathode deposit was 
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obtained, and the weigznt of metal formed indicatec a current efficiency of 72 
percent, If the electrolysis is continuec much over an hour, however, some 
of the metal is ant to scale and drop off the cathode anc redissolve in the 
acid electrolyte, This difiiculty was not overcome, nartly because of the 
difricilty in maintaining exactly the proper acidity in the catholyte. 


hanganese dioxide is usvally formed at the anode. The nature and amount 
of the dioxide Genosit devend orimarily on the icind of anode used and second- 
erily on the current density, temoerature, and cormosition of the anclyte. 
Hish current density, high tesmmerature, and high acidity favor the formation 
of manganese dioxide, On a nlatinwn anode a dense, lustrous crystalline 
variety of dioxide is deposited, On enodes of other material, including 
graphite, carbon, lead, and manganese dioxide, the dioxide produced is usually 
amorphous 


To summarize; under suitable conditions metallic manvanese can be elec~ 
trolytically devosited from manganese sulphate solution, with or without siml- 
taneous oroduction of considerable manganese dioxide at the anode. No procedure 
was found, however, by which the metal could be retained and preserved on the 
cathode durins an overating period greatly exceedin,, 1 hour, 


PRECIPITATION OF MANGAN=SH DIOXIDE OZONE 


Ozouized air, passed through a solution of man.janese sulnhate vrecivitates 
manganese dioxide according to tne reaction , 
WnS04 + Og + H_oQ —> Milos + H5504 oT OSs 


With adequate disoersion of the ozonizea air in the solution, hignu 
utilization of the ozone is wossible, but the cost. of producing ozone was 
found to be so nich that tnere is little vrosvect of using tie metaod com— 
mercially to nroduce manzanese Gioxide, 


BYPRODUCT PROCESSES 
Hrench Process 


A. G. French has taken out United States Patents 1005157-5 under date of 
March 4, 1913, The outstanding feature in his process is the recovery of 
manganese dioxide from the sulphate solution by electrolysis. He vrovxoses 
roastinz sulvhide ores containing manganese and zinc at 790° (0,, tren mixing 
the calcine with 5 percent sodium bisulyvhate, grinding in water, and leaching 
to obtain the sulnhates of manzanese and zinc, After some purification this 
solution is electrolyzed between anodes of lead and cathodes of zinc, As the 
zinc is denosited on the cathode a corresponding amount of manganese is de- 
posited at the anode as the dioxide, This could be made a source ot consider- 
able manganese dioxide, except that the product contains enough lead to pre- 
vent its use in the usual dry-cell battery and it has found very little sale 
in the chemical or vaint incustry. Our exveriments show that part and probably 
most of the lead that axsears as an immurity in this manganese mud was intro- 
duced throush decomoosition of the lead anode, 
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The only present use of this manganese dioxide mud is for oxidizing iron, 
arsenic, and antimony, so they are precipitated by hydrolysis from the leaching 
solutions in the electrolytic zinc process, Ralston (311) gives an excellent 
review covering recent litigation for the manufacture of manganese dioxide in 
electrolytic zine practice, 


Weldon Process 


As early as 1866 the utilization of manganese was associated with the 
chemical industry, when manganese dioxide was employed in the manufacture of 
chlorine, The recovery of the manganese from the byoroduct, the chloride of 
manganese, is known as the "Weldon process." Lilte most inventions, it is 
largely founded on previous experience and has been perfected by successive 
improvements, The waste still liquors are neutralized with limestone, and the 
milk of lime is then added in excess to precivitate all the manganese as the 
hydrate, The mixture is agitated with air, the reaction is rapid and heat- 
producing, and more manganous chloride is added to reduce the proportion or 
excess of quicklime; the resultant dark-brown precipitate, known as "Weldon 
mud," is mostly manganite of calcium (Mn05Ca0) . The washed nd is pumped back 
to the chlorine generator, in which its reuse is similar in action to that of 
the original manganese dioxide and quicklime. A complete déscription, with a 
diagram of the anparatus used, is given in Thorpe's Chemical Dictionary, pages 
13-18, . 

Various flotation experiments made by the author with the thought of re- 
moving the immurities from Weldon mud were unsuccessful, The use of barium 
hydroxide in the place of calcium hydroxide for precipitation of manganese 
from the sulphate solution gives a product from which the manganite of barium 
can be largely separated from the barium sulphate by careful hydraulic ae 
fication, 


Other Methods Racorded by Patents 


United States Patent 1415395 was granted to Chas. J. Reed, May 19, 1922, 
covering a process of making manganese dioxide from the sulphate, He proposes 
fusing manganese sulphate containing 2 or more molecules of water with just 
enough sodium nitrate to combine with the sulvhate radical of the manganese 
sulphate, During the fusion the volatile oxides of nitrogen are expelled and 
recovered by condensation as byproduct or for reuse, The solid products of the 
reaction comprising manganese dioxide and sodium sulphate are discharged hot. 
After cooling the mass is broken up and leached with water. The sodium sul- 
phate dissolves, leaving the manganese dioxide as the final residue, 


United States Patent 1770791 was granted to Geo. N. Lebby and Geo. D. 
Knight, July 15, 1930, for a sulphur dioxide method of leaching manganese ores, 
including a nitrate process for the recovery of manganese dioxide fxm the 
manganese sulphate. It anvears to be intended as an improvement on the Westling 
process as used near Redwood City, Calif, They propose digesting the fine 
manganese ore ina series of three tanks, passing SOo gas through each tank in 
the series, As each tank is successively charged with enovgh SO. to dissolve 
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the manganese it is shut out of fhe circuit. Magnesivm carbonate in the form 
of magnesite is added, and by the aid of air blown through the charge the 
iron and phosphorus are precipitated, At this stage in tne oneration, enough 
magnesium nitrate is adcec to react with the mangancse sulphate; the cnarge 
then goes to filtration, If the filtrate contains copyver it is precipitated 
by aluminum cust, Tne clean solution flows to the first evaporator, where it 
is concentrated to a specific gravity of 1.6. The concentrated solutionis 
pumped to a retort and there heated from 200° to 500° C. until the manganese 
sulphate and magnesium nitrate react and form magnesium sulphate and manganese 
nitrate, Tue manganese nitrate is in turn converted into manganese dioxide 
and nitrous Eases, The nitrous gases are ea EES Py. air to nitric oxide be- 
fore the gas is passed to the condensing towers, The towers are filled with 
lump magnesite, with which the. nitric acid reacts to form magnesiun nitrate 
for reuse, The hot solution charze from the retort is filtered and washed 

to remove magnes lum sulphate, which may be saved as a byproduct (epsom salts), 
if the market warrants the. extra. expensc, The manganese dioxide residue re- 
maining on, the filter is the Final product,. The well-reccgnized disadvantage 
in this Process, | in addition. to the cost of mechanical . operation, is the ex- 
cessive cost of nitrates. . In the handling of the. relatively large quantity 
of nitrates needed to react with the manganese extracted from the ore it nas 
not Been practical to prevent losses of nitrogen that have pcre the con- 
mercial use of nitric acid processes, . 


United States Patents 1266731-2 were issusa to Geo. C. Westby, May Bie 
1918, Each patent covers mechanical equipment for a proposed S05 leachix 
process, In the first patent he proposed to crush the ore coarse (about l-. 
inch), hydraulically separating the slime and treating the fines by spraying 
the pulp down a series of towers, countercurrent with SOo gas flow; ‘the 
coarse ore was charged into percolation tanks with tight tops, the interstices 
between the ore lumps allowing easy upward passage of S05 gas through the 
charge. A fine spray of water or leach. solution was added on top in quantity 
oly sufficient to trickle through the charge and exit at the bottom, The 
second patent. provided for a multiple series of shelves set staggered and 
filling the interior. ofa rectangular tank, the idea being. to cover the 
shelves with fine ore charged at the top and to make the ore pass downward 
on the many shelves by vibration of each set.. Steam and SQ5 were passed wp—- 
ward from the bottom and condensed leach liquor trickled downward through the 
charged apoaratus, Both metnods were tried at Iudwig, Nev., for leaching 
oxidized copper ores and were not commercially successful. The proposed 
methods offer less chance for success with the treatment cf manganese oreS.e 


United States Patent 1276729, as issued £6 C. Ellis, August 27, 1918, 
provides for leaching oxide manganese ores with acid-soGium sulvhate to ob- 
tain maneeneee sulphate. His patent claim reads? 


process for making manganese ‘dioxide angen comprises reacting on 
raw material containing basic manganese compounds with acid material 
comprising acid scdium sulphate at reacting tempcrature to form manga- 
nese sulphate and converting of this salt into manganese dioxide. 
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G. D. van Arsdale and C, G. Maier obtained United States Patent 1304222 
om May 20, 1919, for extracting manganese and making sulphuric acid and manga- 
hese dioxide, It consists in suspending ground manganese cre in water, adding 
acid to dissolve oxides of manganese other than dioxide, agitating and intro- 
dueing sulphur dioxide gas into the puln, and continuing to agitate while 
still conducting sulphur dioxide gas into the pulp until substantial comple- 
tion of the reaction between the sulphur dioxide and the manganese compound 
contained in the ore, separating the resulting solution containing manganese 
from the leached ore residue, removing undesirable constituents of the solu- 
tion, heating the manganese solution, and subjecting the heated manganese solu- 
tion to electrolysis, making this electrolysis discontinuous as to tne anode 
s© as to produce desirable physical qualities in the separated manganese 
dioxide, continuing the electrolysis to attain a sufficient degree of purity 
and strength of the sulphuric acid produced and to obtain as dioxide enough 
of the manganese originally present, removing the substantially manganese free 
sulphuric acid thus produced, and in then removing the preci patavce maneendre 
dioxide from the anode, 


The E, W. Haslup and B. A. Peacock process anvears in United States 
Patents 1279108-10 of September 17, 1918, and 1291867 of January 21, 1919, 
It consists of treating a manganese ore with soluble sulphates, such as ferrous 
sulphate or aluminum sulphate, along with sulphuric acid of a gravity not more 
than 55° B., confining the are mixture, devoid of added free water, for 15 
hours or more in a closed receptable from which the heat of reaction is pre- 
vented from escaping until a temperature of 150° C, is reached and until the 
desired values have been transformed into sulphates, and then extracting the 
sulphates with water. 


C.S. Vadner, under United States Patent 1188705, of June 27, 1916, and 
1236236, of August 7, 1917, claims a process for the recovery of manganese 
and zinc from oxidized or roasted sulphide ores, He vroposed spraying the 
pulp into sulphur dioxide gas for dissolution as sulphates, The resultant 
solution is oxidized by air, powdered limestone is added to precipitate the 
iron, then at elevated temperature fresh limestone is added to precipitate 
the zinc, and finally by the use of quicklime and air the manganese is pre- 
cipitated as weldon mud, A latter imorovement provides for passing the 
pregnant solution over manganese dioxide ore to precinvitate the iron, Part 
of the large excess of readily soluble manganese united with all the remaining 
acid, and in this neutral solution iren is not held in solution. Vadner also 
proposes to leach the SOo residue with brine (sodium chloride) to dissolve 
the lead, 
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Prof. E. H. Hersam gives the following review of old foreign processes 
for the treatment of manganese ores, They are of particular importance in 
showing the early development of hydrometallurgy of wanganese. 


In 1862 a »rocess of ore treatment was patetted in England by J. B. 
Readman, which consisted in fine-grinding the ore, mixing with sulphuric 
acid and sulnhate of soda, drying, fusing, next adding lime and salt or 
bauxite, further igniting, and finally extracting with hot water, vre- 
cipitating the sulphides of nickel and cobalt if. vresent by sodium sul- 
phide, evaporating the solution to crystallize the sodium sulpnate, 
evaporating tne mother liquor to dryness, ana “igniting in a muffle 
furnace with charcoal to vroduce the sulphide of ae 


The Herrenschmidt and Seristavis process ‘(British Patent 1555), which 
followed the abnve-described process, was devised in Australia. The 
treatment proposed, consisted in apvlying to the ores either warmed or 
at the ordinary temperature, a solution of :the sulphate of iron which, 
as applied, redcts with oxides of mangénese, and cobalt of the ore, pro- 
duces the sulphate of these metals, and deposits a oxide of iron, 


‘In 1884, appeared neadman's gécond mari tencpatent for a process of 
treating manganese ores. The process consists ‘in pulverizing the cre, 
treating it witn a solution of soluble chloride such as that of sodium, 
calcium, magnesium or iron, agitating with or without heat, and effect- 
ing the mixing in a furnace if desired. For the éxtraction of cobalt, 
iron chloride is preferred to the other ‘chlorides, the desired amount 
being somewhat more than 1 part of the anhydrous chleride of iron to 1 
pert of ore. The mass, in any case, is heated to a temocrature suf- 
ficient to decomvose the iron chlnride. The mass is then lixiviated 
with water to extract cobalt, nickel, Sore ee and the very small 
amount of iron that dissolves. 


A German patent (May 29, 1684) succeeding the one above-mentioned, was 
granted to R, Nithack for the injection of a spray of concentrated solu- 
tion of the chlerides of these metals uwoon hot, inclined, fire clay tiles 
in an appliance previded for regenerating the chloride. By the action 
thus claimed the metal ‘takes an oxygen, becomes a-vrotoxide, and releases 
its chlorine, which is recovered in the form of hydrochloric acid for the 
further extraction, 


In September of 1884, a patent was granted in England (Wo, 12044) to 
Herrenschmidt for an extension of his original »nrocess, The process aims 
Chiefly towards the extraction of nickel but includes manganese and 
cobalt. For ore containing manganese, the material is ground and lixivi- 
ated hot with ferrous chloride, which results in the decomposition of the 
nickel, cobalt, and manganese minerals,. The nickel and cobalt are pre- 
cipitated from the solution by adding manganese sulvhide or the hydrated 
oxide of manganese. The voure solution is either crystallized or evapor- 
ated to dryness to obtain hydrochloric acid and manganese oxide, 
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Further improvements in the Herrenschmidt and Constable process appeared 
in 1885 (Dingler's polyt. Jour., vol. 252, p. 592), in which it was shown 
that, in tne treatment of manzanese and cobalt ores, it is best to boil 
with ferrous sulohate solution for a half hour, after which the clear solu- 
tion may be decanted and tne protosulvhate of the metal oxidized to higher _ 
salts. 


By a process devised by Carmbell and Boyd (British patent 12426, June 
24, 1893), the sulphate of manganese, in solution, obtained as a by-product 
in the manufacture of chlorine, is converted into a state of carbonate 
suitable for producing oxide by the Dunloo process, In tnis process the 
solution of sulphate is mixed with a solution of sodium carbonate, and the 
precivitated manganese carbonate is collected, washed, and treated by the 
Dunlop process for the production of the oxide. A modification of this 
method consists in running a manganese solution slowly into a solution of 
caustic soda, blowing air into the mixture the while, and continuing aera- 
tion for a time aftor neutrality is attained, 


By a patented »rocess of Albright and Hood (British patent 9271, May 
1893), manganese ore is mixed with coal cust and sulphuric acid, after 
which it is heated on a furnace bed to produce manganese sulphate, which 
then is leached from the digested product. The solution of manganous sul- 
phate is treated with calcium chloride, in excess, after which the precipi- 
tated calcium sulvnate is sevarated, The washings are brought to a high 
state of concentration of the calcium chloride, lime is added and the solu- 
tion is then treated with air in a Weldon oxidizer to vroduce the Weldon 
mud, a product before described, Another means cf effecting this precipi- 
tation, that was suggested by these authors, was the use of ammonia as the 
precipitating azent. The excess of ammonia is recovered at the time of the 
oxidation of the vrecipitated manganese hydrate, and as sulphate by evapora- 
tion. 


In 1894, A. R. Davis of Manchester patented (British patent 2696) a pro- 
cess of treating manganese peroxide with ferrous sulphate and sevarating 
the soluble sulohate of manganese from the iron thereby formed. The sul- 
nhate of manganese was to be used es such or to ve evaporated for the pro- 
duction of tne solid sulvhate of manzanese, 


In 1895, Greene and Wahl (Dingler's volyt. Jour., 1895, vol. 2[6, pp. 
112-114) prepared pure manganese, freed from iron, by crusning the cre, 
leaching the ore down to 9.1 vercent with sulphuric acid in 2 to 3 volumes 
of water, By the treatment, tne iron is extracted and the manganese 
dioxide remains unattacked, Their process included an extension of the 
treatment for the »roduction of manganese free from carbon and iron, which 
consists in igniting the dioxide of manganese, heating to 400° to 500° C, 
to form MnzgO4, further reducing by the introduction of volatile hydrocar- 
bons and finally in crucibles with aluminum or magnesiun, 
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CHAPTER 8, PYRONBTALLURGICAL TREATMENT OF MANGANESE O25S 


By Ws. Joseoh& 


PRODUCTION OF FERROMANGAN=SSE 
Reduction of Manganese Oxides 


According to Meyer and Rotgers (256) heat alone will dissociate MnOo into 
Lino50g at 530° C, at atmospheric pressure, Manganic oxide (Mnpj0z) is further 
dissociated into Mno04 at 940° C, under atmos»nheric pressure. Dissociation by 
heat alone is unimportant in blast-furnace practice, -because reduction of the 
higher oxides occurs at temveratures below those required for thermal dis- 
sociation, Clevenger and Caron (50) found that the MnO, in a refractory sil- 
ver ore was reduced to Mnd in 2 -nours at 4659 ©. in ine presence of dry carbon 


monoxide, Nishibori. (275) investigated the equilibrium conditions for the 
reaction 


at 780° CC, During the early stages of reduction virtually all of the carbon 
monoxide was converted to carbon dioxide. As the comoosition of the solid 
phase avproached iinO the COp in the gas vhase decreased sharply from 100 to 
about 7 percent, These data snow that gas witha ot COs ratio of 1431, will 
reduce Mnz04 to MnO at 780° C, 


reduction of Hangmous Oxide 


Several investigators nave determined the temmerature at which soguctaes 
of manganous oxide beins, Wust (399) has reported the work of Meyer, who 
found that carbon monoxide will reduce this oxide of manganese in the presence 
of metallic iron at 1,1509 C,. Precautions were taken during reduction with 
CO to prevent carbon deposition, Reduction in the presence of solid carbon 
occurred at 1,100° C. Greenwood (124) has revorted that reduction by retort 
carbon in the presence of electrolytic iron began at 1,030° C,. and in the 
absence of iron at 1,1059 C,* Ue refers to metallic globules and to partial 
fusion of the metallic residue, which he senarated from the unreduced oxide 
by treatment with sulshuric acid, Since metallic manganese melts at 1,244° C., 
it appears that his observed temperatures were lower than the true temperature, 
Royster (322, ». 119). states that laboratory tests strongly indicate that 
1,265° C, is the lowest temmerature at which MnO is reducible by carbon or 
carbon monoxide,. The results of a single exveriment reported by Nishibori 
(275, ». 296) indicate that reduction of Mng04 will vrogress beyond MnO at 
760° C, in the presence of a gas chase consisting of 93.5 percent CO and 6,6 
percent COo, The strong reducing action of the vroduct of reduction towards 
sulphuric acid, a nronerty not characteristic of ifn0, was attributed to the 
presence of manzanese or a suboxide of manganese, 
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The results of these various investigators indicate tnat temmeratures 
of 1,100° to 1,265° C. are necessary to reduce anpreciable amounts of MnO in 
the presence of solid carboil and carbon monoxide, 


Factors Controlling Amount of Carbon in Liquid 
Manganese Produced in tne Presence sf Carbon 


Moissan (262) reduced Mn in the electric furnace in the presence of 
varying amounts of carben, "Thee fused metal produced in four experiments 
varied in percentage commosition as follows: 


L a 3 4 
Mn 85.0 85.82. 90.6 94,06 
C. 14,59 13,98 10.2 6.35 


This variation in carbon content was attributed to the relative amounts ef 
manganous oxide and carbon in the charge and to the temoerature., In the 
presence of excess oxide fusions containing 4 to 5 »ercent carbon were ob- 
tained. When recuction was carried out at low temperatures, Moissan ob- 
tained metal as follows: 


i z. 
Lil ‘eeee par cent 93.2 96,2 
C. eeee ' do 4.5 O% 6 


Roberts and Wraight (316, p. 241) have also observed the effect of tem- 
perature upon the amount of carbon absorbec during reduction, They heated 
mixtures of oure hingOsa and powdered wood charcoal. When the estimated tem- 
veratures of reduction varied from 1,600° to 1,770° C. the proportion of 
carbon in the metal increased from 5,5 to 7,44 percent. Doubling the amount 
of reducing agent had little effect uwoon the amount, of carbon absorbed by 
the metal, 


Three tests were made by W. F. Holbrook and the writer to observe the 
amount of carbon that will Cissolve manganese, In the first test a charge 
of C. P,. manganese carbonate and finely divided’ charcoal was gradually heated 
to 1,9009 C, Due to interference from fumes this temerature,. observed with 
an optical pyrometer, is probably lower than the true temerature, The metal 
obtained consisted of small shot distributad throughout a mass of charcoal, 
Their carbon content ranged from 7.24 to 8,&1 percent. 


A smaller amount of charcoal was mend in the second test, from which a 
slug of metal was cbtained, The peak temperature observed was 1,909° C, 
Carbon determinations on portions of the plece of metal obtained varied from 
Vea? to 8,02, averaging &. cas 


In the third test 30 grams of metal obtained from the two previous tests 
were heated in a granhite container closed at the top with a cone-shancd 


graphite rod, The object of this device was to hold tie bath under sone 
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preseure, 80 that higher temperatures could | be reached. During 47 minutes the 
temperature was gradually reised from 1. 320° to 2, 60076; A clearer atmos- 
Phere in the furnace permitted more satisfactory readings than in the first. 
two tests. At. the end of the heating period the graphite plug was removed, 
and the graphite container was set ina steel cylinder surrounded by ice water. 
At the instant the graphite plug or cover was removed the metal boiled vigor- 
ously. <A small round ingot, 5/8 inch by about: 1 inch and weighing 27 grane, 
was recovered and sectioned for analysis. Various sections of the ingot con 
- tained the following eS eaeee of carbon: 9,85, 10.00, 10.14, and 10.75, 
averaging 10.19, : 7 


Graphitic carbon determinations averaged 3.31 percent, leaving 6.88 per~ 
cent combined oe which checks with the theoretical amount corresponding 
to the formla Mn,0, It appears that the 3,31 percent graphitic carbon was 
either in solution as such or that the compound MnoC, which would correspond 
to about 10 percent carbon, broke down upon cooling. 


Near the top of the ingot an irregular section was found to contain 11.36 
percent carbon. This higher manganese content is attributed to contamination 
of the sample with graphite floating upon the surface of the melt. One could 
contime heating a melt of manganese until nothing but a residue of carbon 
Yremained; that is,‘as manganese is volatilized there might be an enrichment of 
mechanically held graphite. Such a condition could not account for the 3.31 
percent graphitic carbon found in the third melt, because about 88 percent of 
the eee charged was recovered. 


Since Moissan's experiments were presumably conducted at about atmospheric 
pressure the manganese ccntent (14.59 percent) apnears to be due either to car- 
burization in the solid etate or to contamination of samples by a residue of 
mechanically held graphite. Whatever the mechanism of reduction may be, it 
appears that the absorption of carbon by liquid manganese is a function of 
temperature. 


The experiments of Ruff and Bormann (328) indicate that a homogeneous 
liquid phase containing more than 7.12 percent manganese cannot exist at 30 
mm pressure, Under this pressure the solution boiled atl, 526° 6. Their work 
does not, however, indicate the amount of carbon that can be held in solution 
by liquid manganese at higher temperatures attainable at higher pressures. 


Refining Action of Manganous Oxide upon VJerromanganese 


The refining or decarburizing action of a slag rich in MnO has been 
studied by a number of investigators in connection with the problem of produc~ 
ing low-carbon ferromanganese, wiich is discusscd on page 218. Roberts and 
Wraight (316, p. 281) recuced the carbon content of ferromanganese from 6.72 
to 2.79 percent by sapere it 3 hours under a semifused pasty mass of MnO at 
temperatures above 1,600° ©, Humbert (173) has patented a method for reducing 
the carbon content of ferromanranese to about 1 percent or less by heating in 
the presence of manganous oxide at about 1,700° C. <A similar method for de~ 
carburizing ferromanganese has been patented by Hadfield (134). 
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Fxoerimental evidence is not available to show definitely wnether in 
high-temperature reduction liquid-manganese carbides are first formed and 
undergo subsequent refining in the presence of MnO or whether liquid metallic 
manganese is first formed. and absorbs carbon in amounts devending uwoon the 
temmerature and presence of oxides,. Poth reactions probably occur in the 
_ dlast furnace. : ge 


Carburization of ; Monganese Produced in the Solid Sta te 


‘The ode: ton of Mind at eros rat anes below the melting point of manganese 
has received conparavively little attention, Reference has been made to 
Greenvood's (124) tests at reportec. temeratures of 1,030° to 1,105° C. The 
metallic residue, after seoaration from excess MnO, was treated with hydro- 
cnloric acid, From the comosition of the gas evolved the. carbon content was 
calculated to be 6 vercent. The metallic residue had undergone partial fusion 
so that the carbon content may have been due to the combined effects of solu- 
tion and the well-known reaction of case carburizing, 


Muller and Barcix (266) introduced a mixture of 43.3 em? of canon dioxide 
and 43,8 cmd of hydrogen over a samole of vulverized manganese and held the 
system at 800° C, until no further change in the volume of gas occurred (2 
hours). The residual gas proved to be pure hydrogen and occupied a volume of 
43.6 om . The solid vhase was identified as MnO and MngC. The net result of 
the. reaction may be exoressed by the following equation _ 


Oo Mn + COD = eMnO + MnCl. 

Hilpert and Paunescu (163, p. 3479) heated finely divided manganese in a 
stream of methane and found that about 6 vercent carbon was absorbed in an 
hour at 900° C, After 10 to 11 hours exposure at 900° C. the metal absorbed 
as much as 15 percent carbon, Carburization was much more rapid at 800° and 
at 900° C, than at lower temperatures less favorable to dissociation of methane 
into carbon and hydrogen, It is evident that under some conditions finely di- 
vided manganese carburizes very readily, In view of the readiness with which 
manganese carburizes it seems lixely that if solid manganese is formed it would 
be converted very quickly by either CO or solid carbon to manganese carbide, 


Reduction of Manganous Oxide in the ae Crucible 
cf the Ferromanganese Furnace 


One objective of good cperating practice is to reduce the manganese in 
the slag to the lowest noint consistent with fuel consumption and with tonnages 
that give the most economical operation. Crucible reactions are important be- 
cause the manganese content of the slag tapved will denend upon the direction 
2n which the crucible reactions are proceeding. 


According to Wust and Meyer (400) , no reauction of manganese can occur be—- 
wow the tuyéres in pig-iron furnaces because the slag is oxidizing toward the 
wetal, Manganese equilibrium constants obtained fron stcel-making data were 
ased to determine whether the slag tanped from a large number of pig-iron 
furnaces was oxidizing or reducing towards the metal produced, The manganese 
equilibrium values Ky, = _MnO (slag) times Fe (metal) , calculated from 

veO (slag) times Mn (metal) 
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puvlisned blast-furnace data, were machi smaller than values of Ky, obtained 
from steel-making data. They concluded from this that.slag from vig-iron 
furnaces is normally oxidizing toward tne metal, Under such conditions. no 
reduction of MnO, but rather oxidation of manganese, would occur below the 
tuyeres if slag=-metal reactions predominate over reduction of mManzanous oxide 
by carbon or by eoroon mone et es 


The conclusion that manzanese cannot be reduced below the tuyeres. of a 
pig-iron furnace is based won three major assumptions: (1) Slag-metal re- 
actions control the reduction of manganous oxide in the blast-furnace crucible 
in which’ there is a large excess-of-carvon existing as coke and carbon 
monoxide;' (2) values of manganesé-equilibriwa constants, obtained from steel- 
making data, can be apvlied rigoreusly to the crucible of a blast furnace; 
and (3) FeO normally revorted in blast-furnace. slaz exists as such and not as 
metallic iron. RS 

To determine whether manganese was. reduced from slag which was oxidizing 
toward the metal the orogress of the reduction of manganese from a mixture 
proportioned to »vroduce ferromanganese and held at 1,5509 C. was followed by 
a series of slag and metal samples, A charge of 275 grams of manganese ore, 
iron ore, and sufficient quant ities of lime,; alumina, and silica to produce 
about equal amounts of slag and metal was melted as rapidly as  ,ossible in a 
graphite crucible heated in an induction furnace. The melt was poured, cooled, 
and transferred to another gages crucible for the reduction test, Charcoal 
was added as a recucing arent. The manganese and iron content of eight samoles 
of slag and of metal, taken over a period of 2 nours after the slag was fused, 
are given in table 70 6 Tae same data are snovn a aaa in figure 26, 


The sea values of ing pies in table 70, — that slag was very 
oxidizing ‘to the metal throughout the whole period, Notwithstanding this fact, 
gradual ee of manganous oxide occurred. The first metal sample con- 
tained 66,4 percent manganese and 25,80 Dercent iron, This metal was produced 
at 1,5609 C, By anslying the value of ! Ku, = 240, reported by Korber (211) for 
tuis temmerature, the ratio of MnO to sea hich must exist in the slag before 
reduction of manganese could occur by slag-metal reactions may be found as 
follows: 


240 "= MnO x 25.85, 
FeO 66 4 
or | 1mO = 66.4 x 240 = gi6. 
Fed © 25,85 


Thus it may be seen that to produce metal containing 66.4 percent manganese 
by slag-metal reactions at 1,560° C. it would be necessary to have more than 
600 times as much linO as FeO in the slag, The production of such metal over 
@ veriod when the ratio of MnO to FeO ranged from about 16 to 25 indicates 
the reaction between MnO in the slag and carbon or carbon monoxide, rather 
than slag-metal reactions, controls the reduct ion of manganous oxide under 
nishly reducing conditions, : 
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TABLE 70. - Manganese and Iron in Slag and’ in Metal 
During Verromanganese Reduction Test 


Time after plag, Metal, 


, 
sg eked, erceat percent a nO (slaz) x Fe (metal) 
| FeO Fe FeO (slag) x Mn (metal) 
1 60.0 Gaede b vécw tT oanes cece 
g Boge 2.00 | 66.4 | 25,85 Liev 
3 00 62 Lele f tree Louse 12.0 
4 50.2 O94 17360 11764 13,0 
5 39 9 eeu | 81,0 11s £235 60 
6 30 0 se | Boa 969 16.3 
‘3 e300} BSe0:) Biv 4,5 


o10 


Tan slag, percent: i025 32.2: 11205, 9.05; Cad, 41,04, 


Unless special precaubione are taken to free. ave ee from metallic 

| shot, total iron determinations converted to a FeO basis have little sig- 
nificance, The slag samples reported in table 70 were cleaned of metal by 
grinding the slag and separating it into the following screen sizes: ~100 +120, 
-120 +140, -140 +160, -160 +180, -180 +200, -200 + 270,'-270 +400, ~400. 

Hach of the foregoing screen fractions was given a wet gravity separations 

The heads from each sample were treated with a sélution of copper sulphate 

' and examined under tne microscope before acceptance for analysis. Metal 
particles were copper-olated and therefore readily distinguished from the slag, 
_In doubtful cases a micrdsconic count cf the metal particles was made to be 
certain that contamination of the slag with iron from the metal would not ex- 
ceed a few hundredths of percent. 


The experience sales in freeing these samples from metal leads one to 
believe that much of the iron reported in routine samoles of blast-furnace 
slag occurs as metallic iron and. not as FeO, :.It appears likely that the slags 
from vig-iron furnaces, considered by Wist and Meyer, contained considerable 
metallic iron which was ia as FeO, 


Another crucible test was made with a Keeton: Hebets to study the rela-— 
tive importance of slag-metal reactions and reduction of MnO by C or CO 
in the production of metal in the spiegeleisen range. The charge contained 
about three times as much manganese as iron and amounts of lime, alumina, and 
silica to yield a final slag of about the same composition as that produced 
in the ferromanganese reduction test. 


Manganese equilibrium constants ‘iia erbih the composition of metal 
shot and the slag from which they were recovered show that manganese was 
formed in the slag bath when the sleg was oxidizing toward the metal. The 
data from this test are given in table 71. 
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Figure 26.— Changes in slag and metal during ferromanganese reduction test. 
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It is well-known that the first metalproduced from a mixture of the 
oxides of iron and manganese is higher in iron than metal yvroduced later, 
Metal shot nicied from the slag samoles were used therefore to ascertain the 
composition of the metal produced during the various stages of reduction, 
chese shot were invariably higher in manganese than the bath metal, The 
analyses of the shot and the bath metal are given in table 71, Small metal 
shot do not settle ravidly from a slag bath. They represent metal yroduced 
when the iron oxide in the slag was higher than at the instant the slag. 
camoles were taken, The slag was therefore: more ‘oxidizing toward the metal 
than the mangancse equilibrium constants in table 71 indicate. ‘The gradual 
aecrease of manganese in the slag and the increase of manganese in the bath 
metal show that manganous oxide was reduced throughout the test. Ferric — 
cxide was added from time to time to maintain a concentration of iron oxide 
*n the slag readily determinable analytically and readily aietingutsheete 
“rom small amounts of metallic iron, 


According to the concept that slag-metal reactions control the reduction 
of manganous oxide from slag and assuming that manganese equilibrium con- 7 
stants obtained from steel-making data can be applied to a system containing 
excess C and CO, slag 7 in table 71 should have contained about 80 tines as 
much MnO as FeO te permit the forming of metal cqntaining 23,6 percent manga-— 
nese, Metal shot containing this concentration of manganese were actually 
formed in a siag containing only about 10 timcs as much Mn0 as FeO. jThe data, 
as a whole, point very definitely to the conclusion that reduction of Imo 
“rom slag in the presence ofan excess of (O and C is not: determined by slag- 
metal reactions but. - by those which follow: : : - : 


UEmO. oP CG 2s. Mme CO, 
or ; Bee <a ling + Oe ae + 7005. 
‘ . Pit 
Concentrations of Feo necessary to eee manganese- in the metal do} not per- 
sist if the slag is fluid and 8 rane encase of GO and C is present. : 
Wust (399) observed Pnsk a aeeil ‘het Be eucned from viscous ie are 
higher in manganese than the bath metal, He cited this result as evidence to | 
suoport the view that manganous oxide is reduced above the tuyéres and that 
no further reduction but oxidation of manganese occurs, in the crucible below 
the tuyéres,. In this: connection he States? 8 


There might exist the possibility that during retention of the washed 
iron (metal shot) in the slag, the silicon, manganese,. and the phosohorus 
are reduced out of the, slag by the carbide carbon of the iron, This con- 
ception is, however, negatived by the fact tnat so long as iron oxide is 
present in the slag in considerable quantity, a reduction of the above- 
mentioned oxides can not take place, 


The presence of gas containing $4 vercent CO and fractions of 1 percent 
CO5 and the »resence of a large excess of coke are not taken into considera-— 
tion in the foregoing statement. One would expect the metal bath contaning 
the first metal oroduced to be lower in manganese than metal shot formed 
within the slag after it has been partly depleted cf iron oxide. Iumps of 
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coke forced down into the slag bath below the inactive olastic core in the - 
blast furnace no doubt act as nuclei around which metal reduced froin the slag 
is formed, This »trenomenon was snown by small particles of metal-coated char- 
coal found in samples taken ous the crucicle teave previously described, 


Tests Showing Mananese is Sesaned CeleT T eres. - The results from 
crucible tests indicating that recuction cf manganous oxide below the tuyeres 
is largely controlled by reaction with C or CO, and not by slag-metal re- 
actions, is borne cut by the manganese content of liquid metal samples re- 
moved from tne crucible of vig-irou furnaces, Bansen (14) has renvorted aver- 
ase analyses of metal samples removed from the lower part of a pig-iron furnace 
as follows: - | 


Comozosition of metads percent 


sammlinz level 
6 £t. 9 in; above main ‘tuyeres 
iain tuyere level eeoeerenenrecne 


N 
33.0 inches velow tuyeres eee 
Tavped mete! es bsrdevereWe eae eles 7 


aoe 


The above analyses snow that metal from the tuyere level contained about one 
half as much:mangenese as the taoped metal and metal removed from a slag 
notch, Analysis of vnartly reduced ore taken from the slag notch during this 
investization ‘indicates that manganese was reduced when the slag was very 
oxidizing towards the metal according =o manganese equilibrium constants ob- 
tained fron steel-malcing conditions. ‘The reduction of manganous oxide under 
such couditions shows that, exceot for neriods of hanging and slinoing when 
unusually large amounts of unreducede oxides may ve brought into the crucible, 
slag-metal reactions play a@ minor part in the reduction of manganous oxide 
below the tuyeres. 


Mund, Stoecker, and Eilender (267) renoved 600 liouid samples and 150 gas 
samples from a blast furnace across four levels as follows: Auxiliary tuyeres, 
6 feet above the main tuyéres; main tuyeres; main slag noeen, 3e2 fect above 
tue hearth; and auxiliary slag notch, 4,0 feet avove tne hearth, The analyses 
of the metal samoles talcen wee correlated with the analyses of 300 samples 
of pig iron, Samples were taken through vlugzed and through normally-working 
tuyeres. The mangancse content of the metal samoles removed from the auxiliary 
tuyeres was avout two tnirds that of the tanved metal, In front of both tne 
auxiliary and main tuyeres a strong oxidation of manganese occurred, particular- 
ly in the oxidizing vortions of the combustion zones that extended about 32 
inches beyond the nose of the tuyeres. From about S2 to 48 inches from the 
nose of the tuyéres the manzanese increased rapidly and at the latter position 
approached the manganese content of the tapped »ig iron. Beyond this position 
the manganese content decreased, presumably due to a decrease in the tempera- 
ture prevailing in the central part of the idle core or wnat the German in- 
vestigators have called the "stille hiann." I+ would avpear that more metal 
moves down through the periphery than through the central inactive core, 
Samoles crawn from sections of the periphery were therefore more revresentative 
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of the metal passing any particular vlane. In view of the cxidation of manga- 
nese in the combustion ZONES, it is evident that a large amount of manganese 
was formed below tue tuyeres. The increase in the manganese in the metal be- 
yee normally working tuyéres and the slag notch also shows very clearly that 
a great deal of manganous oxide is reduced below the tuyeres. Tao ved inetal 
was higher in manganesé tnan that removed from the slag notch, indicating 

that a considerable amount of manszanous oxide was reducea from the slag layer 
adjacent to the metal bath. | 


No direct information, similar to that obtained on pig~iron furnaces, is 
available on the conditions in 2 ferromanganese furnace, .The gas samples re- 
moved by Perrott and Kinney (300) from the tuyéres of a furnace producing 
ferromanganese show, however, a decided deficiency of oxyzen up to a vosition 
about 32 inches from the nose of the tuytres. From the converter process for 
making steel one would exocct that the major part of this oxyzen is removed 
from the gas svhase by the oxidation of the manganese which isagain.reduced in 
the crucible, 


in the eT Ie of a blast furnace is “essential ‘in obtaining an Gadeectsnces 
of crucible reactions. The investigations of Ebelmer, Van Victen, Perrott and 
Kinney, and Lennings have definitely establisned the existence of localized 
combustion zones in front of the tuyeres. In formulating a conceovtion cf the 
effect of these localized zones woon stock flow in the furnace, it appeared to 
Royster and the writer (323) that a central area of the furnace at the tuyere 
Level is commaratively inactive. Stoecker (357) concluded from explorations cf 
the hearth and bosh that this inactive zone (or dead man) begins above tne main 
tuyére level, at which it was roushly 6 feet in diameter, At this level it 
consists of ynrcduced ore and cole, Below the tuyeres it wicens and rests on 


tne hearth, At the bottom it consists of coke, only. The cimensions of this 
Snactive core and its »oermeabilit; vary denending won the diameter of the 


searth and the amount of coke used per ton of iron, 


In observing the rate of stocl: descent in various parts of the furnace, 
Finney (206) observed a nendulumlike movement of the stock colwm during 
sharging, indicating that the Lower »art of the stock colwm wes suoported by 
# fluid, If one considers the volume occugied by the metal anc slay previous 
50 a metal cast, it becomes cbvicus that only a vart cf the volume available 
selow the tuyeres is occupied by slag and metal, ea annears therefore that 
s core cf plastic material, extending below the tuyere, and coke, submerged 
sn the liguid bath, occuny a considerable portion of the crucible, Whether 
the inactive core rests on the hearth would, it aonears, devend woon the 
centh of the metal layer and tue uoward »nressure exerted by tne blast of air 
soplied through the buyeres. 


Kinney (207) -observed a ee ee of 1,2509 C. in tne center of a coCc- 
ton foundry furnace naving a hearth diameter of 14 feet 6 inches, comareda to 
- tuyere temperature of 1,534° C, Rheinlander (313) has also observed that 
she center of the furnace is comparatively cold, Ee states that, although 

the temoerature can not be rigidly established, about 4,0 feet beyond the 
tayeres it is under 1,500° GC, In the central part of the core the temserature 
varied between 1,0909 and 1,100° C, 
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Altnough there is no direct information about the existence of a comoara- 
tively cold inactive zone in the central nart of the crucibles of ferromanga~ . 
nese furnaces it seems quite certain that. such an idle core exists in some 
modified form, In the ferromanganese furnace, as in niz-iron furnaces, the 
major cart of the metal »asses through the oxidizing atmospvhere in front of 
the tuyeres, Manganous oxide so formed is reduced from the slag surrounding 
this inactive core and to some extent within the core itself. ‘the low temoera~ 
ture in the central area does not, however, favor manganese reduction. Metal 
high in manganese may be found in this central core, but it is a minor part 
of the total metal »roducecd, The final reduction of manganous oxide, which 
has a pronounced effect woon the manganese carried out in the slag, occurs in 
the slag layer, which contains coke forced i::to the slag by the overlying 
stock colum, This layer of slaz, in which the temoerature is maintained by 
convection, is hotter than the central core through which heat is transmitted 
largely by conduction, Coke thus submerged in the slaz forms strongly reduc-— 
ing areas. The coke is also effective in maintaining a gas phase consisting 
of about 34 nercent CO and fractions of 1 percent COo, the balance being 
largely nitrogen, 


Melting Points of Manganese Silicates 


The extent to which MnO can be reduced without fusion depends woon its 
curity, particularly with resnect to silica, ianganous oxide melts at approxi- 
mately 1,600° C, and can therefore be reduced without fusion, Dorinckel’ (73) 
has studied the system ku0-Si0eo. According to‘his equilibrium diagram, 
tenhroite (2iMn0,Si0s, 29.8 weight-vercent Si0o) solidified at 1,323° C. and 
rhodonite (MnO. Si0>, 45.9 weignt—percent so freezes at 1,230° C. A 
eutectic between these two silicates, containing 41 percent Sido by weight,, 
solidifies at 1,1909 C. Herty, Conley, and Royer (158),° who have recently 
studied this same system, report somewhat hizher melting temmeratures for 
corresponding points in the equilibrium dia;ram, 


Figure 27, from the report of Herty, Conley, and Royer, contains the 
ternary diagram for the system FeOchinOeSi0o and the binary diagrams for the 
systems Fe0*Si0No, MnOeSi0o, and MnO*FeO, For present consideration, the 
binary system MnOeSiQo and that portion of the ternary system adjacent to it 
have primary imoortance. The major part of the oxygen combined with the iron 
in manganese cres is probably removed before fusion temperatures are reached. 
Higher oxides of manganese are reduced to manganous oxide. By the time the 
vnarticle reaches fusing temoeratures manzanous oxide and silica are the major 
constituents of ores in which the gangueis chiefly silica, Fusing tempvera- 
tures will desend uwnon the proportions of silica and manganous oxide present 
and will range from about 1,600° C. for pure manganous oxide to 1,250° to 
1,350° C,. in the range of 30 to 40 nercent silica, 


Incomlete reduction of ferrous oxide (due to lack of time, size of ore 
particle, or low dermeability to reducing gases) would tend to lower the 
melting points of the ore varticle undersoing reduction, Herty, Conley, and 
Royer have determined the melting voints of slags whose compositions are indi- 
cated by the circles in the ternary diagram of figure 27, A melting tempera- 
ture of 1,320° C. has been revorted for a slag containing 9.01 percent FeO, 
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83.6 percent MnO, and 7,39 percent Sido. If such a three-comoonent slag were 
converted to a two-component slag by reduction of the ferrous oxide the melt-— 
ing point would be increased to about 1,540°9 C, Ferrous oxide has less 

effect in lowering the melting temperature in the range of higher-silica con- 
tent, If a three-component slag comsosed of 12.42 percent FeO, 72.74 percent 
MnO, and 14,84 percent Sis, with a melting point of 1,310° C, is converted 

vo a two-component slag by reduction of ferrous oxide, the melting pcint would 
~ncrease to 1,475° C,. Thus it may be seen that incomplete reduction of 
>errous oxide would vromote the formation of liquid silicates and tend to 

minimize reduction in the solid state, 


Many commercial ores contain ebout 8 »vercent silica and 50 »vercent manga- 
nese, After the higher oxides of manganese and the iron minerals are reduced, 
the remaining ».ortion of such material would contain about 90 vercent manga- 
nous oxide and 10 percent silica and would have a melting temnerature of 
1,475° to 1,500° C. Before such temoeratures are reacned, however, reduction 
ef manganous oxide occurs along the periphery of the ore particles. As re- 
duction proceeds the ratio cf silica to manganese increases until it reaches 
4 point at which the outer shell first softens and finally melts, The manga- 
nese silicates so produced subsequently combine with the calcium oxide and 
magnesium oxide. These basic oxides would be absorbed in the initial slag 
formed at points of direct contact between the lumps of ore and calcined lime- 
stone. The effect of the calcium oxide in retarding the formation of manga- 
nese .silicates and in raising the se eee ewan tne temperature of the slag tends 
70 increase hearth temperatures, 


; A more siliceous manganese ore containing, for example, 15 vercent silica 
and 45 percent manganese, would contain about 80 percent manganous oxide and 
Ae percent Silica after the higher oxides of manganese and the iren minerals 
rad been reduced, This material would melt at about 1,450° C, which is in 

tne temporature range requirea for ravid reduction of manganous oxide, Re- 
duction of commaratively small amounts of manganous oxide along the outer 
surface of the piece would concentrate the silica to a noint that would per- 
mit softening and fusion, Thus it may be seen that silica in the ore promotes 
the formation of manganese silicates and tends to minimize the amount of 
manganous oxide reduced prior to fusion. After the slag is formed hign 

silica in the charge results in a dilution of manganous oxide in the slag, 

~-n addition to the dilution cue to silica, there is further gilution as a 
result of the calciumoxide used to flux the silica, 


It appears from data obtained on oig-iron furnaces that some reduction 
cf manganous oxide occurs before fusion, Part of the manzanese reduced 
aoove the tuyéres is oxidized in passing through the combustion zones. Final 
reduction in the crucible, which governs the loss of manganese in the slag, 
~S very important. Adjustments in fuel requirements, in the blast temmerature, 
in the sveed of driving, and in slag basicity, together with the selection of 
(Taw materials of low-silica content are of foremost importance in minimizing 
the loss of manganese in the slag, 
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Figure 27.— Ternary diagram FeO-Mn0~Si0, with binary systems. 
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Reduction of t Manganese from Slag 


ei eaeteineee and Hunter (48) a ieeee. data on he reduction of manganous 
oxide in an investigation of the Jones process, Sammles of manganiferous iron 
ore (10 to 24 percent manzanese, 24 to 40 percent iron, and 10 to 26 percent 
silica) were mixed with coal and heated in graphite crucibles for 39 to 40 
minutes at 1,2500 ta.1,3009 C. About 93 nercent of the iron and 2 percent of 
the manganese were poduced and entered the metal, which averaged 94, es percent 
iron and 1.0 vercent-manganese.. At the end of the test the entire content of 
the crucible was poured, the metal ee recovered as a button, A partial 
analysis of the slaz was as follows: 5 percent iron, 29 nercent manganese, 
and 31 percent silica. These tests show that, manganese silicates are slowly 
reducee. below 1,300° C. 


e @ e@ © YY @ 


ees fas peeaeeea as indicated Beore. from ferruginous manganese ores. The 

| slag was crushed to minus 30-mesh, mixed with coke and limestone, and heated 

in nollow carbon electrodes, It was necessary to raise the temoerature to 

about 1,4500 C, before rajid reduction took vlace. Below 1,450° C. the reaction 
Was so slow tnat little metal was produced, 


Therm] Principles - 


: The total heat abs orbed by the tivo alan 


rr 


uno +CO = _ ~41,148 B. 
Co+C =200,. 59,984 Bs te us, 


i en le ne Se Oh Se ey re 
7 5 . ev e © 4 
7 » We. 
+ + & ) &@ &@ &@ « ew 


Mn0 + C 4 Mn + CO, -111,132 BL teu. 


That is, whether MnO.is reduced by C or CO the reduction of each formula 
weight of manganese requires 111,132 3. ‘t. u.‘or 2,020 B, t. u. per pound 


of manganese. Thus it may be scen ‘that the reduction of MnO is very different 
thermally from the reduction of ‘Fe, from which a pound of iron.can be pro~ 
duced with a gain of 75 BL. t. ue) (If nmanganous oxide is reduced to manganese 
carbide, the reaction is sliz nel: less endothermic; 1,920 B. t. ue. per pound 
of manganese as the carbide). 


Distribution of Heat in Piz~Iron 
and Ferromanranese Furnace 


A comparison between heat balances of pig-iron and ferromanganese furnaces 
Shows why it reouires less than one half as much coke to produce a ton of pig 
iron as it does to produce a ton of ferromanganese. Data in table 72 on the 
distribution of heat in pig-iron furnaces were taken from average values ob- 
tained by Royster, Kinney, and Joseph (324) for 14 American pig-~iron furnaces, 
The heat balance for a ferromanganese furnace was calculated by Clements (49). 
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TABIE 72. — Distribution of Heat in Blast Furnaces Producing 
Ferremanganese and Pig Iren 


Heat generated - 


Pig ircn, yerro= 


E.t.u. generated per ton . meapanseee): 
7 | | 15,270, 800 24, 470 ,000 
Percent Percent 
Combustion of @ t6 OD ceecvcsecccecerecvevccens 52.19 22.58 
Combustion cf C to CO cccccccccccccccccesscecs _ 34,12 55.59 
Heat in blast, including moisture ...cccccvoces 13.69 - 19.46 
Heat generated by formation of silicates ...... | oem enee 1.65 
Heat. generated by formation of carbides Terre eteniaanatan 92 
Total errr er 100.00 100.09 
Heat consumed 
Reduction of ferric oxide .... ccc ccc ccccccccccs 42.92 3.07 
Reduction of manganese oxides, phosphorus 
pentoxide, and silica .....cecccccccccvreevve 5444 29.96 
Dissociation of calcium carbonate ..ccccccccece 4.53 4.94 
Dissociation of moisture crsccrcccccccccsccccece 7.30 7.44 
Carried off with metal | Ceeeee reer eee eee eee 7.00 6.42 
Carried off with slag c.ccccccccccccscccsnecees 6.08 7.83 
Carried off with dry ZaseS wecccccccccvccccccce 6,05 21.30 
Carried off with moisture in top Gas ..sccccoces 4.15 2.97 


Tissociation of manganese silicate ....cccceseee ao 
Dissociation of manganese hydroxide ceccoccccce _——— 
Decomposition of calcium Phosphate .cccccccecee a 
Formation of calcium sulphide yecqseccocececece. renee 81 
Heat in flue Gist cisccccseccccsccccccrsseseces roraeree 
Heat absorbed by blast expansion cesecccccveces coe 
Heat in eeerene water and radiation losses .... | -18.0 13.14 
: . Total ecoeeeocee 100.00 100.00 


l/ Average data on 14 American blast furnaces zoporyes Royster, Joseph, 
and Kinney. 
2/ Heat balance on a blast eure by Clements. 


Heat generated 


Table 72 shows that 52.19 percent of the heat generated in the pig-iron 
furnaces was derived from combustion cf C to CO». while in the ferro furnace 
only 22.38 percent of the heat was derived by combustion of C to CO More 
than half the heat generated in the ferromanganese furnace was obtained by 
Combustion of C to CO. The production of 1 ton of ferromanganese required 
3,700 pounds of fixed carbon, from which 18,078,192 B. t. u. were generated, 
whereas the production of 1 ton of pig iron required approximately 1,700 
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nounds of fixed carbon, from which 13,179,300 B. t. u. were produced. These 
figures do not include the heat in the hot air used for combustion. In the 
ferromanganese furnaces, 4,885 B. t,. u. were generated per pound of fixed 
carbon in the coke commared to a similar figure of 7,740 B. t. u. for tne pig- 
iron furnaces, Thus it can de seen that about 1.6 times as much heat is gen- 
erated per pound of carbon in the vig-iren furnaces, The production of a ton 
of ferromanganese on 3,700 pounds of fixed carbon is good practice, whereas 
the production of a ton of vig iron on 1,700 pounds of fixed carbon does not 
represent the best practice. . 


Johnson (180) states that maximum blast-furnace fuel economy depends (1) 
won the develoomentof the maximum possible amount of heat from each pound of 
fuel and (2) a certain irreducible proportion of the heat generated should be 
develoned above the free-running temperature of the slag. The ferromanganese 
furnace violates both of these principles of fuel economy. The operation is 
characterized by high percentages of CO in the too gas because this gas is the 
end product of MnO reduction, The second »rincinle of fuel efficiency enuncl- 
ated by Johnson is based upon the desirability of maintaining hearth tempera- 
tures at which reactions that occur in this vart of the furnace will go for- 
ward rapidly, In the pig-iron furnace the important hearth reactions are re- 
duction of silica and desulphurization of the iron, High hearth temperature, 
wiich implies high tomperatures of the tuyéres, of the slag, and of the metal, 
would be.very desirable in a ferromanganese furnace. In soite of the large 
amount of fuel used these temseratures in ferromanganese furnaces are low in 
commarison with those in pig-iron furnaces, as may be seen in table 73, 


TABLE 73, ~- Hearth Temoeratures 


Termeratures, ° CG, 
Furnace | 


Tuyéres | Slag Metal 
WOUNGIY: TON. -6dd-6. 40-6 0ihe:os0se as 1,953 
Bessemer iron secesesecsescs 1,513 
BASUC EON: Jevevecn'a wiaie ew ose.eee-s 1,522. 
Charcoal SCoecetoereesessseces 1,401 
Ferromanganese .ecccccccecce 1,426 
Solegeleisen sescccocvsecrces 1,427 


= er = Oe ae ee Oe memes ee ee ee ewe. 


The average temoeratures of the piz-iron furnaces are: Tuyeres, 1,717° Ce} 
slag, 1,529° C.; and metal, 1,4769 C. Similar average values for ferromanganese 
furnaces aret 1,550°, 1,426°, and 1,386° C., respectively. Two factors are 
largely responsible for the lower temoeratures in the ferromanganese furnaces. 
It has been vointed out that the reduction of MnO, whether by solid C or by 00, 
is highly endothermic. The absorption of heat in the lower part of the bosh, 
in the tuyere zone, and in the slag below the tuyéres tends to lower what has 
been loosely called the hearth temroerature, Slag, which is formed at low 
temoeratures and which is fluid at temmeratures just above its melting point, 
carries a comoaratively small amount of heat into the crucible of the furnace, 
Less heat is absorbed above the fusion zone by the slag constituents. After 
fusion the slag passes rapidly over the coke lumos and absorbs a small amount 
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of heat in the bosh, Upon reaching the tuyére zone the large thermal head be- 
tween the comoaratively cold slag and the tuyéres has a chilling effect won 
the combustion zone. The net result is that tne slag reaches the crucible at 
low temoeratures. ‘he temmerature of the metal is governed largely by the 
temperatures of the tuyéres and of the slag. This may be seen from the slag 
and metal temperatures regorted in table 73, The slag nas the predominating 
influence. . Since the region of the furnace vdelow the tuyeres depends largely 
upon the slag and metal for its sunoly of heat, cold slag and cold metal mean 
comparatively cold temperatures in tne crucible. -Thus it may be seen that 

the low free-running temperature of the slag in ferromanganese and spiegel 
furnaces is uot conducive to the hish temeratures required for reduction of 
MnO. Since the. temmcrature does not: aid rapid reduction the alternative is to 
allow a lonc:er time dy bringing fresh slag from the bosh into the crucible at 
a slower rate. . * ie 


Heat Consuned 


Heat requirements for the calcination of carbonetes and the dissociation 
of moisture are about the same in ferromanganese and pig-iron furnaces. The 
emount of heat carried off with the slay and metal is alsn about the same in 
the two tyves of furnaces. About 2.5 times as much heat is carried off witn 
the exit gases from the ferromanzanese furnace. This is the direct result of 
high top temperatures in the ferromanganese furnace and the larger volumes of 
exit sases per ton of metal produced, The volume of exit gases varies approxi- 
mately as the fuel consumed wer ton of metal, that is, from 2.5 to & times as 
much gas is produced in making 1 ton cf ferromanjsanese, High top temperatures 
in ferromanganese furnaces are due to the small heat capacity of the charge. 
Furnas (103) found that the transfer of heat from gases to beds of broken 
solids denends woon the heat capacity of the bed per unit of volume. The 
specific heat of the ore and coxe do not differ widely, both being on the orcer 
of 0.20. The ‘weight of 1 cubic foot of stock in a nig-lron furnace is about 
50 percent greater than in a ferromanganese furnace, ‘This increase of 50 per- 
cent in heat capacity ver unit volume of the charge permits more efricient 
acquisition of heat from the zas stream by ths solids -in-.ig-iron furnaces, 
Due to less efficient transfer of heat from tie rising gas stream to the 
descending stock in tne ferromanzanese furnace the temperature of the top gas 
will range from 700° .to 900° F. comared to 275° to 450° F. for pig-iron 
furnaces. Heat balances (table 72) for tne two tyoes of ‘furnaces sliow that 
3 to 4 times as much neat per ton of metal is carried off in-the dry tov gases 
issuing from the ferromanganese furnace, 


Raw Ihaterials for the Production 
of Ferromanganese- : 


t 


Oo 
P) 
fu) 


lo rigid svecifications can be set w for ores which may be used in »ro- 
ducinzs ferromanganese because the value and feasibility of using a varticular 
ore depend wnon its cost and zrade and the cost of other ores available at 2 
specific point, The ore mixture usually consists of a nunber of ores, the 
Drovortion of each being regulated to meet rather definite chemical specifica— 
tions for the over-all mixture. By blending a number of ores it is alSe possi- 
ble to improve the vhysical character of the charge. 
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The proper ratio of manganese to iron is a foremost requirement of the 
ore burden, Standard ferromanganese avernges 80 vercent manganese and about 
12.0 percent iron, a ratio of manganese to iron cf 6.4 to 1. If no iron 
were obtained from the coke, a ratio of manganese to iron of 8 to 1 in the ore 
burden would be satisfactory if 80 percent of the manganese were recovered 
Crm 8). “According to a careful chemical balance which Clements made from 
‘Rverane data covering 2 weeks operation of a British. furnace, about 25 percent 
of the total iron charged was dsrived from the coke (table 74), Only about 87 
vercent of the iron charged am eared in the alloy. The amount of iron derived 
‘from the coke will obviously vary with tne fuel consugption and with the amount 
of iron in the coke asn, In general, the charge, including the coke, will con- 
tain 6 to 7 times as much manganese as iron, Allowing for a loss of 20 percent 
manganese and considering the iron obtained from the coke, the ore mixture 
enue contain from Q. to 10 times as much Pave eee as iron, 


Newton (274) has en that the asorox inate grade of alloy can ee calcu- 
lated from the percentage of manganese and iron in the ore and from the re- 
covery of manganese, Ferromanganese contains about 80 percent of manganese 
and 12 percent of iron, The percent manganese in ‘the alloy may therefore be 
calculated as follows: ; 


Percent Mn = (percent Mn in ore x recovery of Mn) x 0,92 __e 
in alloy (percent Mn in ore x recovery of Mn) + percent Fe in ore 


The anolication of the formula to an ore containing 49,5 percent Mn and 
Seo percent Fe, smelted with a recovery of 80 percent Mn, may be illustrated 
as follows: , 


(49.5 x 0,80) x 0,92 _ 9) 4 
(49.5: x. 0.80). + 5.5. ~ al 
Thus it may be seen that according to this formula an ore mixture con- 
taining nine times as much manganese as iron will yield an alloy containing 
81 percent manganese, If the amount of iron in the coke is increased 20 ver- 
cent due to iron obtained from the COXE, an aney. a 79 percent 
manganese would be produced, 
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Silica Penalty 


Ores low in silica are preferable for producing manganese alloys because 
the volume of slasx increases as the silica in the charge increases, Increaseca 
slag means larse losses of manganese, increased fuel, and loss of tonnage. 
From a study of data on furnaces operated during the War, Royster (322, De 126) 
obtained a figure of 0.88 peund of carbon for eacn additional vound of slag. 
ilewton assumed that 0,3 »ound of carbon would be required to melt 1 vound of 
slag, The latter figure is a little hizher than the theoretical values ob- 
tained by Evans and Bailey Scott, Delacriere, Lilot, Clements, and Jolinson,. 
These values have been averaged by Mott and Wheeler (264), These theoretical 
values are based woon the assumption that all the carbon charged is used in 
generating heat. This assumes tnat no carbon is involved in the reduction of 
manganese by endothermic reactions, The figure by Royster, based unon domestic 
practice with siliceous ores during 1917 and 1918, may be high for slag values 
ranging from 1,500 to 2,500 »ounds but should be fairly accurate for higher 
slag volumes, | 


All important considerations, sucn as extra coke, extra flux, slower 
vroduction, and higher costs above raw materials, are reflected in the vrice 
schedule (384) of ferromanganese ores which was adopted by the ferro-alloys 
committee of the American Iron. and Steel Institute and was also approved by 
the War Industries Board in 1918, For cach nercent of silica in excess of 
38 percent and wo to and including 15 vercent, the penalty was 50 cents per 
ton; between 15 and £O ,ercent silica, the penalty was 75 cents ver ton. 
nanghorne (229) calculated the cost of producing 1 ton of ferromanganese from 
“wo ores containing 14,25 and 14,32 percent silica, The tienretical cost of 
croducing 1 ton of ferromanganese from siliceous are showed an increase of 
about $10, assuming that a unit of manganese cost 60 cents in both cases. 
Since this additional cost would be distributed, over about 2 tons of ore, it 
indicates a venalty of 50 cents »er unit of silica in the ore. 


~nosvhorus 


The amount of »hos»horus in ferromanzanese is governed almost entirely 
ty the onosohorus content of the charye, Whether justifiable or not, tne 
voper limit set by the trade for ohos»nhorus in standard ferromanganese is 
Ced vercent, which means that the ore mixture snould average about one half 
cf this or less, If the »nhosphorus in an cre exceeds 0.2 vercent, there is 
considerably less freedom in the selection of other ores. ‘he amount of 
phosphorus in the coe and flux must also be considered, A phosphorus venal- 
vy, adopted in 1918 by the ferromanganese committee of the American Iron and 
vteel Institute and asnroved by the War Industries Board, was as follows: 


For each 0,01 .ercent in excess of 0.25 percent vhosnhorus there shall 
be a venalty against unit »orice paid for manganese of one-half cent per 
unit figured to fractions, 

in view of existing conditions, and for the vurnose of stimulating vro- 
duction of domestic manzanese ores, tnere will be no penalty for »vhos- 
~horus so long as the ore shioped can be used to advantage by the buyer. 
Tne buyer reserves the right to senalize excess nhosyhorus as above by 
Giving 60 days! notice to the shivper, 
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_. The above orices to be net to the oroducer; any exoense, such as salary 
or commission to buyers! agent, to be maid to the buyer. | | 

Settlements to be based on analysis of ore samzle dried at 212° F, The 

oercentage of moisture in ore samples as taken to be deducted from the 
weight. ‘, 

During the yericd 1911 to 1929 about 14 »ounds of metallic manganese | 
were used to »roduce 1 ton of steel. This is equivalent to 17,5 pounds of 
standard 80 vercent ferromanganese. The addition of 17.5 nounds of ferro- 
manganese, containing 0.3 vercent »hosvhorus, to 1 ton of steel would increase 
the phosphorus by 9.0023 percent, Ingot samoles often show a larger increase 
than this over sam>les taken before the acdition of ferromanganese to the 
ladle because a small amount of vhosyhorus is reduced from the slag by car- 
burizing agents, Herty (149) states that trebling the amowt of phosphorus 
comnonly found in ferromanganese and svie-rel would not bother the steelmaker, 


Physical Structure: of Ores 


The importance of physical structure is recognized in buying manganese 
ores, Hard, coarse ores are purchased for mixing with fine ores to curtail 
dvist losses, A vortion of the dust is recovered and charged in the raw form 
or briquetted, There is, however, an economic loss of manganese and an 
agsravation of troubles due to dust deposition in stoves and boilers, 


~The ohysical charactcr of the ere is not important from the standpoint 
of resistance to gas flow, as the existing quantity of coarse coke results 
in a porous column offering little resistance to gas flow, Fine particles 
in the ore as charged or sroduced in the furnace make it cifficult, however, 
to obtain uniform distribution of the »as, a matter very closely connected 
with the cfficiency of the furnace as a heat interchanger between gases and 
solids, The physical character of the ore used in pig-iron furnaces places 
a limit unon tonnages; that is, a point is reacned at which the pressure 
develoned in the furnace interferes with the travel of the stock, Tunis is 
not true of furnaces producing ferromanganese because recovery of manganese 
from the slag is the factor limiting the rate of blowing, 


Cclte 


Low ash content is of foremost imortance in selecting coxe for use in 
furnaces »roducin; ferromanganese because, in addition to higher fuel require- 
ments and decreased tonnazes, coxe ash leads to an economic loss of manganese 
in the slag, With a consumption of 4,500 to 6,000 nounds of coke per ton of 
ferromanganese each »ercent increase in coke ash will result in an increase 
of about 100 pounds of slag, Tne harmful effects move in a vicious cycle. 
Increased ash lowers the fixed carbon in the coxe, maxing more coke necessary, 
which, in turn, introduces more ash, requiring more coke. 


It has been vointed out that in the range of 10 to 15 nercent Sis, each 
additional »vercent in the ore adds about $1 to the cost of »roducing 1 ton of 
ferromanganese, Silica in the coke is more harmful than silica in the ore, 


because in addition to increasinzs the volume of slag it also renlaces fixed 
carbon, 
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Coke with a low bulk density in the furnace is very desirable because 
this implies that tne coke is strong yet porous end contains a limited amount 
6f small sizes. Such ccke, in addition to having thermal advantages, also 
has the edvantage of prodicing a chzrge more permeable to gee flow. 


Mott and Wheeler (264, p. 149) have mimmarized the most important proper- 
ties of blast-furnace coke in tne First pocneneds Report of the Midland Coke 
Research Comnittee, E.8 follows: 


From this survey of the mote obvious chemical and ynysical properties of 
cokes it is evident that the most important are: Moisture and ash contents, 
hardness, and size. The value of a coxe for blast-furnace use can be im 
proved by decreasing the amounts of moieture and ash it Sonvernys by in- 
creasing the hardness and by eliminating breeze. 


In ferromanganese practice the attainment of high temperatures in the 
combustion zones is very imvortant. In this connection these investigators 
puauee 


It is not possitle at present to specify that property of a coke on 
which the attainment of high temperatures of combustion depends. Appar- 
ently the herder coos yield the higher temoeretures, whilst the size of 
the coke pieces is of importence. 


The over~all rate of ccubustion of coke depends largely upon the rate 
at which air is supplied. Large sizes of less reactive coke that promote 
high concentrations of CO, by retardins the endothermic reaction between 
carbon and carbon dioxide“aid in obtaining high temperatures. 


In connection with the relation between coke hardness, specific gravity, 
and porosity, Mott and Wheeler (264) state: 


From a stuévy of the general proverties of cokes we heve tested, it 
appears that the aversse temperature of the fuel bed is lower the lower 
the impact taraness, real specific sravity, and total vorosity. 


This indicates thet high porosity is an aid in obtaining high temperatures, 
provided it can be obteineé without sacrificing. stren;*th or resistance to 
size derradation. According to Mott and Wheeler: | 


The porosity of coke apvears to be of minor importance in blast~furnace 
practice, A high valve seems to ve desir-bdle, but it is probably not 
-worth while to attempt to increase tne porosity directly. 


The features of coke structure emphasized by these investigators are 
uniformity and pencity of enlarged pores sna fractures. Although micro- 


stricture most likely inflvences harduess and combustibility, no correlation 
of these properties wes odtained.. 


1726 ~212— 


a gle 


I.C. 6770 


Limestone 


Silica in limestone decreases the amount of CaO and MgO available for 
fluxing the ore gangue and coke ash, The amount of limestone required and 
the slag volume increase sharvly as the silica in the limestone increases. 
Although a poorer grade of limestone may be available at a lower price, it 
should not be used without the advice and consent of the furnace operator. 


Qvoerating Details of Ferromanganese Furnaces 


Tue operation of furnaces producing ferromanganese is characterized by 
low blast pressure, regular settling of the stock, and loss of few tuyeres,. 
Little difficulty is experienced in controlling silicon, Sulphur presents 
no problem, Operating problems center upon ways and means of recovering in 
the inetal the maximum percentage of manganese charged consistent with fuel 
consumption and output, Conditions that favor high recovery of manganese 
are: Small slag volume, a basic slag, high blast temoerature, and coarse 
ores which do not break down excessively. 


Percentage of Manganese in the Slag 


The selection of raw materials is imoortant in controlling slag losses, 
When the raw materials remain constant the’ loss of manganese in the slag is 
held to a minimum by varying the basicity of the slag, the rate of driving, 
and the hearth temerature. The optimum basicity of slag for maximum re- 
covery of manganese will devend somewhat uwoon the amount of reduction of MnO 
above the tuyeres and uvon the temoerature to which the blast can be heated. 
Brassert (37) states that through the use of the highest blast temperature 
(1,470° #.) the slag can be kept fluid enough. in spite of being very "limey", 
and the manganese in the slag can be held uniformly below 6 vercent, Royster 
(322, pe 129) found in studying data on ferromanganese furnaces operated dur- 
ing the war that when the average slag basicity was increased from 1,19 to 
1.77 the manganese in the slag decreased from 14.2 to 7.4 percent. Data on 
British furnaces by Clements (49, pe. 350) include slag basicities of 1,63, 1,91, 
1.98, and 1.71, with corressonding manganese in the slaz of 11.09, 7.27, 8.16, 
and 8.47 nercent, As nreviously vointed out, low slag loss is usually accom~ 
panied by high volatilization loss, 


Function of Bases in Reduction of Manganese 


The addition of bases to charges of ferromanganese furnaces serves two 
purvoses, It is well—known that the fusibility of a slag depends upon the 
character of the bases as well as woon the provortion of bases and silica, 

The total heat of solidification, which includes the heat of solidification 
plus the heat evolved in cooling from the melting point down to room tempera- 
ture, is an index of fusibility, Hofman (164) has shown the influence of 
‘replacement of MnO by CaO woon the total heats of solidification or the 
fusibility of slags containing varying amounts of silica, In general, the 
total heat of solidification increases as MnO is replaced by CaO, thus showing 
that the presence of bases in the charge retards the formation of fluid 
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manganese silicates and hence aids in producing slag with higher free-running 
temperatures, Such slag reaches the crucible at a higher temperature which 
favors lower slag noose of maneanoRe 


The slag in the crucible of a ferromanganese furnace is. a solution of com- 
vlex compounds, The activity of these cempounds is affected by the amount of 
thermal dissociation, Moreover, manganese may exist as an infusible constitu- 
ent, It appears that increased CaO makes the MnO more available for reduction. 
This may be accomplished by reaction with infusible compounds and the formation 
of slag constituents more susceptible to thermal dissociation. 


Blast Temoerature 


About one half of the heat required to produce 1 ton of pig iron is intro- 

duced as sensible heat in the hot blast used to make 1] ton of ferromanganese. 
Tne quantity of heat thus introduced is not as important asthe effect blast 
temperature has ,won the prevailing temderature of the slag, metal, and tuyeres. 
Richards (314) states that an increase of 100° C. in blast tenmerature raises 
the theoretical termerature before the tuyeres. &5° C. Royster, Joseph, and 
Kinney (326) found from observations on the tuyéres of an experimental blast 
furnace that the temverature in front of the tuyéres increased about 1° for 
every 2° rise in blast: temperature, This observed. change is about one half the 
theoretical calculated change, It is very difficult to isolate the effect of 
any one variable in blast-furnace practice. For this reason there is no estab— 
lished relation between blast temmerature and temmerature of the slag, metal, 

and tuyéres. . Reference has been made to the excellent practice revorted by 
Brassert (37). . With a blast temverature of 1,470° C., which is several hundred 
degrees higher than the average blast vempenature: the coke per ton averaged 
3,896 pounds for a month; the slag contained 5.81 percent manganese. A small 
amount of coal (285 nounds ver ton) was used to reduce top temveratures and to 
minimize vdlatilization losses. With the use of a Cottrell treater much of the 
volatilization loss and dust loss may be recovered, The fact that the material 
so recovered is ayrophoric indicates that itis to a considerable extent metallic 
pene eee ; 7 


’ a i 4 
é 


Satis of Driving ° 


Various methods have been used on rating the overating: speed of blast 
furnaces, such as pounds of carbon per square foot of nearth area per minute, 
vounds of coke per cubic foot of working volume per 24 hours, and vounds of 
soke per square foot of bosh area per minute. Royster (322, ve 127) sugzested 
whe pounds of gross slag (Mino included: in slag-forming materials) per square 
Soot of hearth area oer minute as a criterion for rate of driving. Gross slag 
“ncludes the MnO equivalent of all of the. manganese in the charge, which im- 
plies that all of the "metallic" manganese is’ produced in the hearth from the 
molten slag. This is a highly doubtful assummtion, When this rule for speed 
cf operation was anolied to furnaces producing ferromanyanese during tne war, 
She manganese in the slag increased 1.34 percent for an increase of 1 pound 
of slag vér minute per square foot of: hearth area, The advantage of such a 
basis for governing the speed of operation is that it takes into account the 
size of the furnace as well as the grade of raw materials, Furnaces using more 
siliceous materials from which larger slag volumes would be produced would 
Eroperly be blown at a slower rate, 
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Clements has compared the output of furnaces in terms of pounds of metal 
ver square foot of hearth area per hour and per square foot of bosh area per 
hour (table 74) (49, table 37), On the basis of hearth area, the output of a 
group of American ferromanganese furnaces overated during the war ranged from 
44 to 60 »ounds compared with 110 to 126 pounds for four British furnaces, 
The metal produced ner square foot of bosh area per hour ranged from 21 to 30 
pounds in the American furnaces and from 28 to 34 pounds in the British furnaces, 
The slower rate of production in the American furnaces was due principally to 
the extensive use of domestic siliceous ores, whereas high-grade Indian, Cau- 
casian, and Brazilian ores were used in the British furnaces, In general, a 
furnace capable of producing 500 tons of pig iron per day will have an output 
of 90 to 125 tons of ferromanganese, Recoveries can be increased by slower 
driving up to the point at which increased costs above raw materials make 
further recovery uneconomice is 


Stack Loss 


The amount of manganese carried out with the top gases either as ore dust 
or fine fumes, due to volatiliza€éion of manganese, usually is determined by 
difference; the manganese recovered in the slag and metal is deducted from the 
manganese charged, Values obtained in this way are subject to errors in calcu- 
lating the weight of slag as well as to errors in the weights and analyses of 
raw materials and products, Exact determination of the amount of dust carried 
off in large volumes of gases is difficult, therefore dust losses are not sus- 
ceptible to accurate measurement directly. The brown fumes issuing from the 
stove of ferromanganese furnaces and the necessity of frequently cleaning the 
stoves are evidence that substantial amounts of manganese are carried off with 
the gases in a finely divided condition, There is apparently no published in- 
formation as to how much of the total stack loss consists of granular ore 
particles and how mucn consists of fine powder or fumes. Langhorne (229) 
states that minus 20-mesh particles do not seem to stay in the furnace, thus 
increasing the loss of manganese, He also points out that the physical char- 
acter of the ore as charged does not always give an index of dusting character- 
istics because soft ores, which may be fairly coarse, are susceptible to size 
degradation in the rurnace through contact with coke. The ratio of coke to 
ore by volume is much greater than in »,ig-iron furnaces and, hence, the op»vor- 
tunity for ore particles to be caught and crushed between lumps of coke is much 
greater, Joseph and Barrett (186) found that five imported manganese ores were 
little affected by cold mechanical work, but the average particle size was de- 
creased 40 to 50 percent as a result of a moderate amount of mechanical work 
at 1,4009 F. Nearly 50 vercent of one ore was finer than 14—mesh after a de-~ 
crepitation test, These tests indicate that manganese ores may break down a 
great deal when heated and subjectec. to the abrasive action of coxe in a ferro- 
manganese blast furnace, It seems likely that a substantial portion of the so- 
called stack-loss is an ordinary dust loss, which varics depending uwoon the 
amount of fine material in the ore burden and woon the extent to which the ore 
mixture breaks down in the furnace, 


The volatilization of manganese should increase as the hearth temperature 
increases, Royster found no systematic variation of stack loss with increased 
hearth temmerature, as indicated by the high-silicon metal, excess carbon, 
basic slag, and low manganese in the slag, This apparent lack of relationship 
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is not surprising, considering the chances for error in arriving eat stack 
lesses by difference, It is known from practice that dust losses vary widely 
74th the character of the ore and the distribution of stock which governs 
channeling of the gases, Tue ores used in the furnaces investigated by Royster 
came from many sources and varied widely in character. Losses cue to dusting 
of the ore might very easily mask variations in volatilization losses, Al- 
~hough the exact amount of manganese carried off with the gases is a quantity 
not suscentible to accuracte measurement, it is an important item in furnace 
Fractice, ranging from o to 20 vercent of the mane yanese charged. 


enndowie tone © Dust from For rromanganese oe 


The conmosition of the dust recovered from ferromanganese furnaces raises 
some interesting questions... An examination.of the analyses of raw materials 
and of the dust samoles ie in table 74 shows that the dust contains more 
iron in proportion te manzanese than the charzte, Why snould iron, a less- 
volatile metal securring in much smaller amounts in the char.se, be concentratcc 
in tne dust? The ratio of manganese to iron in the charge of three British 
furnaces ranged from &,92 to 9.21, exclusive of coke, and from 6,6 to 5,8, in- 
clusive of coke. The reported composition of dust sanmmles taken from these 
same furnaces shows a manzanese-iron ratio cf 4,1:5.9, One would naturally 
expect to find a concentration of manganese in the dust rather than a concen- 
tration of iron, Royster found that 6.5 percent of the iron charged into a 
furnace did not avnear in the slag and metal, It anvears that substantial 
amounts of coke ash, formed on the surface of the colxe as a fine powder, are 
carried by the gases uo through the porous and comparatively hot column of 
stock and out of the furnace, It is generally considered that the ferro-grade 
cres should contain about nine times as much mangancse as iron, If the iron 
in the coke is taien into consideration, the average charze contains 6 to 7 
times as much manganese as iron, The evidence voints very strongly to a loss 
ef at least a portion of the iron in the coke in the manner indicated, 


Exclusive of tne coke, the charge of two British furnaces operating on 
hign-grade ores contained about five times as much manzanese as silica (table 
74). Dust samyles foom these same furnaces containcd 1.5 to 1.7 times as 
much manzanese as silica, There is,a concentration of silica in the dust 
wnich cannot be exolained as a dust loss from the charge, unless an air classi- 
fication cf silica is assumed to occur, This concentration of silica in the 
dust is more likely due to coke ash carricd off in the exit gases. Alumina is 
also concentrated in the dust in a similar way. _ 


Limestone is not readily ahendea by coke before calcination, but after 
calcination is suscentible to abrasion, The  »resence of some 12 to 15 percent 
calcium oxide, compared to 20 to 25 percent MnO in the flue dust from furnaces 
producing ferromanganese, is due to abrasion followed by ane 


The relative amount of Feo03, Sido, Cad, Al903, and Mr0 tA the dust 
samples, reported by Clements, sucgests that the loss of manganese by volatili- 
zation has been siven undue emphasis in the literature dealing with the pro- 
Guction of ferromanganese in the blast.furnace. Resistance of manganese ores 
to size degradation in the furnace and the size of the ore ass charged have an 
important bearing on the amount of dust produced and sugsest more careful size 
preparation of the ores as a means of f@ecreasing the so-called "stack losses," 
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It appears that much of the so-called volatilization loss in the form of fine 
fumes may be due to oxidation before the tuyeres, followed by dusting, 


Furnace Lines 


Furnaces producing ferromanganese operate smoothly without hanging or 
slipping, a natural result of a porous change which offers little resistance 
.to gas flow and results in low pressures. The slow rate at which air is sup- 
plied also tends to vroduce low pressures, which promote regular settling of 
the charge. As a result of this freedom from mechanical troubles, the shave 
of furnaces producing ferromanganese has not received the same consideration 
as the shape or lines of pig-iron furnaces. It is common practice in plants 
which produce pig iron and ferrovalloys to nut furnaces on ferromanganese or 
splegel after the lining has been worn to such an extent that smooth operation 
on pig iron is impossible, Smaller furnaces, in general,are used in producing 
ferro-alloys. : : 


Location of Plants Producing Ferromanganese 


Smith (352) revorts that ferromanganese was produced at the following do- 
mestic plants in 1929: 


Bethlehem Steel Co., Johnstown, Pa, | 

Colorado Fuel & Iron Co., Pueblo, Colo. 

Lavino Furnace Co., Reusens, Va. 

Ohio Ferro-Alloys Corporation, Philo, Ohio. 

Pittsburgh Metallurgical Co,, Niagara Falls, N. Y. 
Tennessee Coal, Iron & Railroad Co., Bessemer, Ala, 
United States Steel Corvoration, Etna and Pittsburgh, Pa. 


Electric furnaces were used by the Ohio and New York companies. In 1928, 
ferromanganese was produced at seven furnaces by three companies, 


RO Paint § oe St 


Ferromanganese can be produced in the electric furnace from a proper 
charge of ore, coal or coke, and limestone, If arcing from the electrodes to 
the bath is avoided volatilization losses are not excessive. As in other 
electric-furnace operations, cheap power is necessary for economical operation, 
The imoortant features of the operation are: Power and electrode requirements, 
Size and type of furnace, amount and tyne of reducing agent, and character of 
slag losses. 


Keeney (196) states that the power per ton of ferromanganese ranges from 
4,000 kw.-h. in a 3,000-kw, furnace to 7,000 kyv,-h, in a 1,000-kw. furnace. 
The electrode conswmtion is 150 to 250 pounds of amornhous carbon electrodes 
per ton. Power and electrode requirements will vary with the grade of raw 
materials used. Gillett and Williams (112) used 431 pounds of graphite elec- 
trodes per ton per 1,000 kw. of power in calculating the cost to produce ferro- 
manganese from siliceous domestic ores. 
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Keeney and Lonergan (197) have described a 1,200—kva furnace and an 
1,800-lva furnace in producing ferromanzanese. The descrintion incluces de- 
ee of the two rectangulay, three-electrode furnaces, transformers, elec- 
troce holders, and seconuary bus systems. Reducing agents, calculations of 
the charge, and rietnoa of oneration are discussed, Difficulties of overation 
which may be encountered include formation of carbides, "bla4wing" failure of 
bottom, tanning, feilure of electrode holders, and bridging of ee charge e 


Voltages (clectrodes to the charge) range from 35 to 100, devending uwooen 
the size of tne furnace, Charging may be continuous or intermittent. Coke, 
coal, lignite, and cnarcoal may be used as reducing agents. ‘The quantity re- 
quired varies, devendins uson tne grace of raw matcrials, Magnesite or car- 
bon may be used to make the Furnace bottom. Metal and slay are usually tanvec. 
at 2-hovr intervals, , e | 


Keeney (196) resorts an average slag containing 35.4 2ercent Cad, 5.&1 
ercent M.0, and 77.79 sercent Si0s, or a ratio of Cad +10 of 1.4331. 


Slags somewhat more hasic than this are preferred in tne blast furnace, A 
basic slag will lead to mcre comolete elimination of manganese from the slag, 
-proviced ample tine is allowed. If the rate of charging is too ranid addi- 
tional bases may lower the recovery, because a slignt decrease of manzanese 
in the slaz would be cffset by the increase in the weight of the slag. Witna 
a prover adjustment, HOWEVEL of tonnage for a given furnace, basic slags eid 
in controlling silicon in the alloy and decrease the loss of manzanese in the 
slag. 

Manrcanese ores brea oak to dust even in the electric furnace, it is 
not nossible therefo. ‘e to differentiaté between cust losses and losses by 
volatilization. The combined Idss from dusting and volatilization is 5 to 10 
percent. Slaz loss cevends to a large extent woon the silica in the ore, 
which, in turn, governs the weight of slag ver ton of alloy. The total losses 
will be 1C to 3C percent desending: uvon the srade of ore uscd. With hign- 
grade ores a 30 oercent ae ie of manganese can be realized, When smelting 
siliceous ores the loss cue to volatilization and dusting will amount to one- 
fourth to one-sixth of the total conversion loss, whereas with the best grades 
of ore the loss of slag may about ede tne combined loss by dusting and vola- 
tilization. 


Production of Lo w-Carbon Perromanzanese 
| | - 

Standard ferromanganese, containinz about 7 percent carbon, cannot be 
used in producing extremely low-carbon steel, Hither mediua- or low-carbon 
ferromanganese is used. in maxing additions to such steel. Very little recent 
information has been sublished uoon the production of low-carbon ferromanganese 


Roberts and Wraight: (316, 2.-250-282). investigated various methocs for 
cecarburizing ferromanganese, which may be grouvec as follows: 
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« Replacement of ‘combined carbon by silicon. 

.. Replacement ‘of combined carbon by ‘aluminum, 

» Cementation in various metallic oxides, 

» Fusion at high temperatures with lime. | 
« Bessemerization of the alloy with air, COs, and I,. 

» Oxidation of carbide by manganous oxide. 


The most. ea leract ey esults were obtained by the sixth methad, that is,) . 
fusion with manganous oxide, | 


hee aves out by Coutagne (60), Moissan showed by obtaining alloys with 
c« to 4 percent carbon by reduction of MnO with carbon in the presence of 
excess MnO that the reaction 


MngC + MnO = 4in + CO 


will proceed at the high temperature attainable in the electric furnace. He 
also states that if manganese carbide is formed first, which might be the 
case, it is subsequently partly tefincd, or, if manganese’is formed, first, 
carbon absorption will depend woon the amount of oxide present, Whatever the 
mechanism of reduction may be, this is an expensive method for producing 
manganese with low carbon content, 


The refining action of manganous oxide upon manganese carbide is the 
basic feature of patents by Humbert (173) and Hadfield (134), Humbert's 
patent proposes to decarburize commercial’ ferromanganese by: electrically heat- 
ing it to temeratures above 1,700° C, in’ the presence of: manganous oxide, 
small coke or ferrosilicon is used to reduce part: of the manganous oxidn, 
According to Hadfield's procedure, commercial ferromanganese is treated with 
manganese cre and enough carbon to reduce the higher oxides in the ore to 
manganous oxide, After gradually building up a bath of ferromanganese and 
slag rich in MnO and therefore viscous, ferrosilicon is added te reduce part 
of the manganous oxide. The silica formed by reduction of MnO with silicon 
increases the fluidity of the slag, Lime additions are made to control the 
fluidity of the slag, .Calcium silicide may be added shortly after the final 
addition of ferrosilicon. The materials used in a heat, cited to illustrate 
the process, were as follows: 15 cwt. of ferromanganese, 5-1/2 cwt, of manga— 
nese ore, 44 paunds of 50 percent ferrosilicon, and-17 pounds of calcium 


silicide, The alloy Proguece contained 71.6 Mee manganese and l. 04 per- 
cent carbon, 


Coutagne (60) states that the most ‘likely process and the one most widely 
used consists in refining silicomanganese by treatment with manganese ore. 
The silicomanganese is first produced in the electric furnace, A charge of 
such an alloy is next treated with manganese ore, the materials involved in 
heat cited being as follows: 
| | ‘Lb. 
Silicomanganese (2.7 percent C; 60 percent Mn, 
and. 16: percent Si. .20tus seesaw easewesoweee: Lig o50 
Turnings SCoPE EHoEEHR HEC HOSS HEHE EHO SE RHE HRHFoH EEO TE HEHEHE EHS 210 
Mineral. (So percent UM): scisacseseieeee vsesscetaesaeeewsees 3860 


Lime Coeoeeevneeseesseeeeseeeasseeoeeneeosnesgeaeeseneeneerenvneoeneneenee 880 
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The metal produced from such a charge weighed 1,540 pounds and analyzed as 
follows: 2.5 percent carbon, o3 percent manganese, and 1',77 percent silicon. 
If an alloy containing 75 percent manganese, 20 to 25 percent silicon, and 
1.0 percent carbon is used, this mode of operation is peporves to yield 
alloys arene less than 1.0 vercent carbon, 


Becket (19) has recently satented a similar process for vroducing low- 
carbon ferromanganese . In two exammles which he cited, the following mater-— 
lals were useds — 

No. l No, 2 No. 1 No, 2 
Weizht of alloy .. lb. 14,948 16,443 Weight of alloy ... 1b. 26,935 26,389 


Analysis of charge, vercent: 


Alloys Ore: 
HN secooe 64.44 68,30 56,50 (largely as Mn0o) 
Si cecoe 24.66 23.13 2.17 Fe 
Cr aaveneiee 084 ° ,67 


Balance largely iron, 
Analysis of metal »vroduced, percent: 


Mn geese 80.11 83,91 
D1. weeee 1.22 1.83 
C oseee 1.25 1.08 


Balance largely iron, 


The manganese~silicon alloy and the manganese ore were ground to pass 
LOO mesh and thoroughly mixed and dried, The silicothermic reduction of the 
manganous oxides was self-vropagating after the charge was locally heated to 
a temperature sufficient to initiate the reaction, Wo apparatus is required 
except a refractory pot or vessel:'to hold the charge, The carbon content of 
the manganese alloy is controlled by selecting a manganese-silicon alloy of 
appropriate composition, for example, Beckett states that a manganese-silicon 
alloy containing 1.0 percent carbon and 20 vercent silicon may be used in 
producing an alloy with about 1.5 percent carbon, while a manganese-silicon 
alloy containing 0.7 percent carbon and 24 percent silicon yields a product 
containing about 1.0 percent carbon, A product still lower in carbon is pro-— 
duced by using a manganese-silicon alloy containing more silicon and less 
carbon, 


The slag produced in the heats cited by Beckett contained about 65 per- 
cent MnO. It can be smelted in an electric furnace to produce manganese- 


Silicon alloys similar in composition those described, Slag from this onera-— 
tion contains about 15 percent MnO and is discarded. 
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Tne production of low-carbon manganese alloys on a commercial scale is a 


comparatively new development, Few cata have been oublished regarding the 
vractical details of the overation, . 


PRODUCTION OF SPINGELEISEN 


The factors that characterize good practice in producing ferromanganese, 
the 80 percent alloy, annly in a modified degree to the production of 
spiegeleisen, the 20 percent alloy. lLow-silica charges, slow blowing, and 
regulation of the slag basicity to minimize slag losses are imoortant in the 
production of both alloys. The fuel requirements, tonnage, and recovery de- 
pend upon the amount of silica in the charge. Royster (322, p. 117) reported 
an average fuel consumtion of 3,950 pounds of coke per ton of 16 to 20 per- 
cent alloy for furnaces overating during the World War. The slag averaged 
9,68 percent manganese, This fuel consumption and the percentage of manganese 
in the slag are much higher than was obtained in furnace practice summarized 
by Brassert (37), wno reported an average figure of 2,358 pounds of coke per 
ton of 19 percent alloy and 2.18 percent manganese in the slag. High prices 
during the war stimulated efforts to produce tonnage often at the sacrifice 
of manganese recovery. This condition, together with the siliceous charge 
used at that time, accounts for the nvorer practice renorted by Roystere. 
According to Brassert, a furnace having a normal daily capacity of about 500 
tons of pig iron will produce about 275 tons of spiegel per day. This, how~ 


ever, imolies the use of: good raw etorials and stoves which will produce ' 
high blast temveratures,: 


o8@ @ « © 8 # 6 


Production of High-Silicon Spiegel '***' 


The work. of Herty and Fitterer on the deoxidation of steel with manganese- 


silicon alloys has creatcd interest in hign-silicon spiegel, They have reyvorted 
(152) that a ratio of manganese to silicon of 4,5:6.0 gave the best results in 


deoxidizing both basic ppen-hearth and acid open-hearth heats ranging from 0.12 
to 0.6 percent. carbon, Such a ratio of mangenese to silicon would require. 
about 4 percent silicon, in normal be containing a as manganese» 


Restrictions as to crade of manzanese alloys were modified during fie 
World War to permit wider use of lean and siliceous domestic ores, The 
standard for spiegel was lowered from 20 to 16 percent, manganese, The produc- 
tion of occasional lots of high-silicon sviegel of this grade was a natural 
consequence of a furnace practice evolved rather quickly for treating 
Siliceous ores, Operating data on the production of such lots of spiegel are 
given in table 75, The ratios of manganese to silicon are 4.8, 3.4, 5,0, and 
3.7 for test periods 41, tte y eos _ and 70, respectively. |. No mention is made of 
One may assume, eee. that the operation was similar to normal spiegel 
practice, The manganese content of the metal could have been raised to 20 
percent by use of an ore mixture containing a higher ratio of manganese to 
iron, A higher fuel consummtion and lower rate of driving would have increased 
the poor recovery of mangane se in furnace C. 


An examination of the data in table 75 indicates that temperature and rate 
of driving have foremost importance in producing high-silicon spiegel. The two 
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test periods on furnace C show tne importance of temmerature, About 500 pounds 
of additional carbon and somewhat higher blast temperature increased the . 
Silicon in the metal from 3.1 .ercent for test veriod 41 to 4.9 vercent. for 
test period 42, This increase cf 1.6 vercent silicon in the alloy produced 
from the same raw materials in the same furnace illustrates the imoortance of 
temperature in the reduction of Si0,. ‘The decrease in outout from 44.7 tons 
per day in veriod 41 to 30.2 tons in period 42 indicates that the production of 
high-silicon spviegel for a given furnace and set of raw materials will be less 
than that of standard sniesel. Further evidence of the decrease in tonnage as 
the silicon in the alloy increases apvears in test periods 68 and 70 of. furnace 
R, whicn produced 71.4 tons ver day of sviesel containing 2.9 percent silicon 
and 5$,3 tons of spiegel containing 4.4 percent silicon, 


TABLE 75. - Qoeratins Data from Blast Furnaces 


Producing Higi-Silicon Soiegel 
(oy Royster) 1/ 


Period no. 
Furnace 


ee ee we ee ee 6 ee ee ne oo er 8 eo mo 2 - mmm eee) or ree - = ee mee es re ee 


tt 
te. OFC. cr dcesweceege DOUNdS. Ser ton 5,192 0,795 | 
Se COKC ccseswaewecws co 3,327 3,831 
Dae. COAl, sisuwcacioe ss éo 749 926 | 
3, Limestone .oe.eoo- do 1,568 | 3,052 


Ore analysis: 


4. MN socccnceseee Dercent 12.72 12.77 
5. Pe: eRetseo wees do 36.72 36.30 
be S105 eerveeeevrsee do 

?7e SDiegeleisen .... tous ver day 44.7 30 2 

8, Slag wecovccscese DOWIdS Der day 2,614 2,990 | 
9. Mn in alloy ..... percent | 14.9 16 .u 
10. Si in alloy ..... Co Sel 4.9 
ll. Blast temerature Cis 1,254 1,304 
l2. Top temoerature . do 613 749 


13. Air per minute .. cubic feet 
Slag analysis; 


— 
~N 
e 
ih 
>) 
- 
2p) 
e 
o>) 
C1 


14, Cad ceosncscese percent 26.0 24,3) 

15. MEO: ea webavewewe do 10.1 11.1) 

16. DIDOS -saiweeese. a 10.3 1325 9,7 11,3 
17, S105. saswwseses. GO. 38 93 37 62 36.0 36.3 
18. I otiseetecsee: 0G 10,79 10.07 6.38 3.66 
19, Carbon .oececcceee Dounds 3,292 3,740 4,790 4,110 
20. mn charzed ...... do | 660 740 563 486 
le Mn to alloy .e.e. percent 49.0 50.6 63 .4 75 eb 
22. Mn to slag secoce do .. 42 .6 40.7 o1.8 3D 26 
23~e Mn lost in stack, do” 8 4 8.7 -15.2 - 9.2 


ee ooo _—_— = sa ee oe a 


1/ Royster, Pe Hes Production of Manganese Alloys in the Blast Furnace: Chap. 
8, Bull, 173 (Manganese--Uses, Preparation, Mining Costs, and the Produc-— 
tion of Ferro-Alloys), Bureau of Mines, 1920, table 18, po. 116-117, 
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Tne recovery of manganese in furnace R was much higher than in furnace (C, 
--635.4 and 73.6 percent compared to 49,0 and 50.6 percent, This is attributed 
to the use of more fuel ver ton of metal in furnace R. 


Basicity of Slaz in Producing High-Silicon Spiegel 


Slag basicity is important in controlling the silicon in all metal pro- 
duced in the blast furnace, whether it be pig iron or alloys of manganese, The 
reduction of silica is not, nowever, controlled entirely by the character of 
‘the slag but by vrover adjustment of temoerature and rate of blowing, as well 
as slag basicity. Yor exammle, the ratios of bases to acids, Ga was 

LU2 
about 1.2 for test »eriods 41 and 42, Due, however, to.an.increase in the fuel, 
the silicon in the metal was 1.8 percent higher in period 42. (see table 75). 


The slag basicity averaged 1,.26,.and the percent of silicon in the metal 
averaged 1.77 for a group of.furnaces producing 16 to 20 aaa spiegel during 
the World War, Two of these furnaces produced metal averaging 2e8 percent 
Silicon, with an average slag basicity of 1.22. 


From the meager operating data available it anpears that spviegel contain- 
ing <0 percent manganese and 4 percent silicon can be produced in the blast 
furnace from domestic ores without any unusual operating difficulties, Since 
manganese aids carburization and silicon retards it, one might exoect that 
unusual amounts of "ish" or precipitated carbon would be formed in producing 
high-silicon spiezel, This assumes that carburization precedes the reduction 
of silica, The introduction of 4 percent silicon into metal containing 15 to 


2O percent manganese and 5 to-6 percent carbon would decrease the carbon to 
about 3 percent, - 


Carbon precipitated as a result of increased silicon content or of a drop 
in temperature as the metal moves from the combustion zones to the crucible 
could be consumed by unreduced oxides in the slag or by oxygen from the blast «. 


Dur in: the blow-in period of the experimental blast furnace for investi- 
gating the smelting characteristics of high-manganese slag (see p. 230), 
several casts of higi-silicon spiegel were produced over a 10-hour period. 
The average percenta;‘e comoosition of the metal and slag boi ious 


lletal, percent 


2022 ) 347 : 3 42 


The ratio of bases to acids, G20 + Ms0, for the average slag is 1.17 or very 

_ $100 : 
close to the basicity: of the slag reported in table 73, No unusual features 
of oneration were observed during the production of high-silicon spiegel in 
the experimental blast furnace, 
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As vointed- out by Coutagne (60, p. 212), the production of silicon;. 
soiegel (10 to 12 percent Si and 18 to’ 20 nercent im)’ in the blast furnace 
presents Gaifficulties because tne recovery of manganese requires a basic 
Slag, wnile the reduction of silica is favored by an acia slag, Thais condi- 
tion requires extra heat, which incres.ses the cost of wokeeo on the furnace 
lining and the less of. manzanese 0, volatilization, As the ratio of silicon 
to manganese increases the observations noted above can be applied more rigor- 
ously, They annly to some extent to the. nroduction of sniegel containing 2O 
percent, manganese and 4 »ercent silicen but are not imoortant enougn to throw 
the manufacture, of this alloy from. the category of the blast furnace into the 
category of the electric furnace, 

. e . 4 4 oa 

Coutagne (6G, p. 390) states that silicosviezel (10 to 12 vercent Si) was 
made in the blast furnace by Pourcell in 1875 but the electric furnace offers 
advantages in cost and ease.of srocucing a wide variety of alloys. Power re- 
quirements ranze from 2,000 to 3000 kyw.-h, when smelting a charge, of high- 
grade manganese ore, turnings, quartz, and coke, Tne recovery orf manganese 
from such a charge will raage. from 80 to 85 percent, If tne charge consists 
of siliceous ore, turnings, limestone, coke, and spar the recovery is about 
-10 percent less, . 


Use of Ferrusinous Manganese Ores in Production of Spiegel 
| The black ores of the Cuyuna range in Minnesota contain about three times 

as much iron as manganese, the aoproximate ratio necessary in producing 20 
percent spiegel., These ores were used extensively during the World War but 
have not been mined extensively since that time because of their nigh silica 
content and comparatively high mining costs, Tue removal of: silica from these 
ores will provide a supnly of concentrate from which spiezel and high~silicon 
spiegel can be produced, The relative cost of units of manganese in the form 
of ferromanganese and in the form of spiegel required for the deoxidation of 
steel has no doubt been a factor in the transportation of sxiegel over long 
distances, It aonears therefore that tne production of spiegel in middle 
‘western steel plants would stimulate wider use of tuis alloy. © 

, : ; | , 

* A mill for concentrating the black ores of the Cuyuna range district was 
operated in 1931, The flow stieet is tne result of work (67) at the Mississinvi 
Valley Exoeriment Statioz of the United States Bureau of Mines in cooperation 
with a ijinnesota mining commany. Ore crushed to 5 mesh is classified and tnen 
tabled; the slimes from the tables are treated by flotation for additional 
recovery of fine iron and manganese. The daily capacity is about 500 tons of 
concentrate containins: anproximately 39 vercent iron, 1% percent manganese, 
and 10 vercent Silica. ‘Such a coricentratéd is well suited fér the preduction 
of 20 percent spiegel. ‘The ratio of manganese to iron would permit the pro— 
duction of a somewhat richer spiegel:if this were desired. 


Concentrates from the black Cuyuma ores coulé also be used in producing 
high-silicon spiegel (4 to 5S percent silicon). Concentrates would be superior 
to the crude ore for this purvose,. Temmerature is very important in producing 
high-silicon alloys, The required temperature can be obtained with less fuel 
when there is less silica in proportion to the iron and manganese in tne 
charge, Lower silica would also permit higher recoveries and larger tonnages, 
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Reduction of silica is a function of the ratio of silica in the charze to the 
bases and is not determined by the total amount of silica DEESEMN 


rnere are “deposits of ferruginous manzanese ores in otner varts of the © 
country which could be used in »nroducing sviezel, Transportation charges to 
steel centers would be »nrohibitive in many CASES « 


PRODUCTION OF HIGH-MAUIGATESS BASIC PIG TRO 


idanganiferous iron ore shi»sved from the Lalce Swoerior district in,.1929 
contained 157,590 tons of metallic manganese, about 45 percent of the total 
tonnage of manganese used that year in the form of ferro and syviegel, .The - 
metallic manzanese derived from manganiferous iron ores increased more than 
tenfold from 1911 to 1929, Manzaniferous iron ores are mixed with iron ores 
for the production of high-manganese basic nig iron (1.5 to 2.25 percent 
manganese), “+ tenfold increase in the quantity of manganese contained in the 
nig iron used in vroducing basic open-hearth steel did not decrease the amount 
of manganese added in the form of ferromanganese and sviegel, For exammle, in 
1911 shipments of manganiferous iron ores from the Lake Suwoerior district 
(largely from the Cuyuna range, isinnesota) contained 14,629 tons of metallic 
manganese, An average of 14,1 nounds of manganese was acded as ferromanganese 
and spiegel to »roduce 1 ton of steel that year, Although shisments of 
manganiferous iron ore in 1929 contained 157,590 tons of metallic manganese, . 
1€ pounds of manganese were used in the form of spiegel and ferromanganese to 
vroduce 1 ton of steel, It anoears that increases in manganese svecifications 
in steel have been sufficient ‘to. offset the small amount of residual manganese 
derived-from basic vig iron, 


Weld and others (S85) concluded that the increased use of high-manganese 
pig iron probably would replace 15 percent of the manganese needed as ferro- 
manganese and spiegel. At the time of their survey of the domestic manganese 
situation the trend in manganese consumption apoeared to be downward, In view 
of this trend the committee adopted 12 nounds as the vrobable average future 
consumption of manganese per ton of steel, Information now available indicates 
that this figure should be about 14 pounds, The evidence points strongly to. 
the fact that only a very small anount of the manganese derived from manganifer- 
ous iron ores reaches the steel ingot, | 


Recovery of Manganese in Basic Pig-Iron Practice 


About 75 percent of the manganese in the charge is recovered in the metal 
in basic pig-iron practice, The amount of retainec residval manga- . 
nese in basic oven~hearth steel depends very largely upon the extent to which 
plant practice favors a ‘high percentage of MnO and a low vercentage of FeO in 
slag at the end of the heat, The percentage of manganese in the slag depends 
upon the silicon in the metal, the silica content of the iron ore, any other 
factors that influence the slag volume, the percentage of manganese in the 
metal, and the proportion of iron and scrap, The FeO in the slag depends upon 
the amount of ore added and woon the slag volume, Manganese is. eliminated 
during the early part of the heat; therefore, if a part of the slag is run off 
before the heat is finished the percentage of iiInO in the finishing slag and 
the residual manganese will be low. Kinney (204) has published a chemical 
balance of an open-hearth heat made under conditions which favored high 
residual manganese, The steel at tapping contained 0.4 vercent manganese, 
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which represented 27.6 percent of the manganese charged. Pazetti (227) re- 
ports a month's practice using nig iron containing 1,65 percent mansanese and 
ro run-off slags, Whe residual manganese averazed 9.°2 vercent. He states 
furtner: 


In a plant using run-off sla-3, the record cf five carefully observed 
heats snowed average residual cae aaden to be 9.C9 nercent wren the average 
menganese in tne pis iron was 1.69 percent, 


It is obvious that under some conditions virtually all the 150,000 tons 
of manganese derived in recent years from manganifercus iron ore found a rest-— 
ing place either in biast~furnace slag heavs or in those obtained from oven—- 
heartn furnaces, Hoyt (1639), in discussing the eifect of the use of manganifer- 
cus iron ores on menzanese reyuirements, states: 


‘Present data indicate, unfortunately, that no waterial decreases in the 
amount of manganese required and no material increase in the recovery of 
manganese in the adcitions may be exvectec, so that the advantages are ce- 
rived not from a decreased consumotion but from the fom in which it can 
be added e "8 _ . t 

Data on the increased quantity of manganese derived: irom manganiferous 

iron ores and the small cnanges in the manganese added as ferromanganese and 
spiegel from 1911 to 1929 confirm this viewooint. Commercial expediency de- 
termines tne practice which will prevail in individual plants, It apncars 
that, in general, benefits due to secondary causes, such as slag fluidity 
and sulvhur elimination, rather than tuose derived: from residual manganese 
have been responsible for the use of hizh-manganese basic pig iron, 


Duilaehinity of Mensenese in Basic Pig-Iron Practice 
Sulphur control belon:s essentially to the blast furnace, It can be 


eliminated in the Neen eaenn ct furnace by the use of additional limestone or 
ferromanganese but both metliods aré costly and uncertain, Manganese in the 
Cnarge aids in eliminating sulphur’in the blast furnace, Herty and Gaines 
(153, 154) have shown the underlying cause for further elimination of sulphur 
by manganese during the time the metal is in the transfer ladles between the 
blast furnace and the open-hearth mixer, Wheaton (S21) investigated the de- 
crease in sulohur during the transfer of Saat aac nees basic pig iron from 
the blast pence i the cpen-hearth mixe His results follow: 


| sulnhur ats 


Ore @: 


.’ 4 eo. 


Sulphur at 


Wanzanese 


blast furnace, blast furnace, anen-hearth 
| ercent ._—s—s{_ percent ___ mixer, percent __ 
average, 29 tests, 1.39 0.0867 0.041 
Average, 89 tests, Live 2070 Rete) 
Average, 26. tests, | 2.15 eine eta ee OOD ee Es ros extn gO 222158 


Smith (359) states that high-manganese vig iron has the following ad- 
vanteges in the blast furnace: Increased rate of driving; high bottoms re- 
duced; less runner and ladle scrap; higher blast temocratures possible; 
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lower fuel consumption; less flue dust; and elimination of sulphur, He also 
states that irregular content of manganese in the ore (including iron orc) 
shinped is a disadvantage due to i:regular content of manganese in the nig 
iron, Excessive percentaes of manganese may alsa lead to breakouts due to 
low tattoms and corrosion of brickwork, 


Jn open=hearth practice, advantages and disadvantages were given as 
follows: Advantages--sulnhur elimination, improved quality of steel, ferro- 
manganese saving, less lime and fluorspar, and increased tonnage; disadvan— 
veoen satenee metallic losses and increased lining corrosion, we 


It. hae been rather generally assumed that peeianal: manganese protects 
the steel against oxidation, Herty (1&0) states: 


Residual “manganese does not serve as a protector against oxidation of 

tne metal, Since the concentration of MnO in the metal depends on the con- 
centration of linO in the slaz, it is possible to have the same concentra- 
tion of FeQ in the metal with 0.1 percent manganese as with 0.4 percent 
‘Manganese, provided only that the concentration of MnO in the slag is four 
times as high in. the second case as in the first, digh residual manganese 
may denote 2 bath.low in iron oxide, but the low iron oxide is the agent 
~and not the.result of high residual manganese. 


The ide ataees of. Resa eneanees: basic spensheeatn charges, as given by 
Herty, are: (1) Increased fluidity of the slag, enabling a more basic slag 
to be carried, and increased speed of working; (2) increased ratio of MnS to 
#eS in the metal, giving the final addition of manganese a better chance to 
eliminate sulphur; and (3) decreased additions of ferromanganese. 


Producers of manganiferous iron ores have noticed a decrease in the cemand 
for this type of ore. Records, compilsd by the Lake Sunerior Iron Qre Associa- 
tion, show that in 1927 the tonnage of manganiferous iron ores amounted to 4,5 
percent of the total ore shinments from the Lake Superior distriot. In 1930, 
this figure was 3.6 percent, a decrease of about 22 percent. Some plants have 
found that alkali additions to the ladies give them the necessary control over 
sulphur, More extensive use of basic open—hsarth slaz has also lessened the de~ 
mand for manganiferous iron OTES ¢ 


THRES-STEP PROCESS FOR PRODUCING FERROMANGANESE 
PRO pene TOUS IRON ORSS | 
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Due to their size, accessibility, and state of development the manganifer-— 


ous iron ore devosits of Minnesota have attracted attention as a votential 
source of manganese, Zaoffe (405) states ; 


The Cuyuna district has a reserve ease of cre of 44,000,000 tons, 
If it averages 9 percent in manganese as the ore produced at present, it 
has a mesenve’ of 3,960,000. units (tons of metallic manganese). 


The Gated States Bureau of iines nas investigated the feasibility of 
producing ferromanganese from manganiferous iron ores containing 6 to 10 
percent manganese, 40 to 45 percent iron, and 0.2 to 0.3 vercent phosphorus, 
The ore was first smelted in an exnerimental blast furnace from which high—- 
vhospuorus sniegel (12 to 15 oercent manganese and 0.5 percent phosvhorus) 
was obtained, In the second sten the soviegel from step 1 was treated ina 
small basic-—lined converter, siaall ooven-hearth furnaces, and small electric 
furnace to separate the manganese from the »hosphorus and the iron, The 
cbject was to obtain the manganese in the form of slag containing manganese, 
iron, and »vnosphorus in such: proportions that the slag could be used as an ~ 
artificial manganese ore. In the third step the high-manganese slag from stex 
2 was charged into the experimental blast furnace and converted into ferro- 
manganese, Photozgranns of the furnaces used, arranged as a flow sheet, 
aoear in-figure 28. The small converter is not shown with the open-hearth 
and electric furnaces used in the second step because it proved unsatisfactory 
for separating manganese from the phosphorus and the iron, 


Blast-Furnace Tests s 

In »resent practice, oreen manganiferous iron ores are mixed with iron 
cres to produce basic pig iron, There was some question wiectuer the 
manganiferous iron ores could be smelted by themselves due to high alumina in 
ctroportion to silica and high moisture content. Inasmuch ‘as metal was needed 
for investigating subsequent steps of the process, it was decided to »vroduce 
she metal from the ore rather than make it wo synthetically from sviegceleisen 
-errophosphorus, and viz iron, The cost of smelting these ores on an 
-ndustrial furnace scale was vronibitive; therefore an exnerimental blast 
furnace was developed partly for this problem and partly for investigating 
problems fundamental to the oreduction of pig iron, 


A detailed descriotion of the sae ene blast furnace and the results 
of the test have been published (187). The furnace was overated continuously 
Sor about 1 month without any difficulties. Over 300 tons of ore were put 
shrough the furnace in producing about 130 tons of metal containing 12 to 15 
tercent manganese and 0,05 percent phosphorus, Rather than attemot to select 
£n average or typical ore, material unusually high in alumina and moisture 
was chosen, Many Cuyuna ores which would preduce slags in the normal range 
cf 10 to 15 percent alumina present no smelting problem, Slag containing 
Srom 32.4 to 21 nercent alumina was produced, A study of 278 slag samoles 
chowed that, as a whole, the effect of alumina was not very pronounced, If 
the alumina content of the slaz was low, manganous oxide in the slag fell off 


lore sharply as the basicity (320 |) increased than when the alumina was high. 
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Figure 28.- Furnaces, raw materials, and products 
used in producing ferromanganese from mangani- 
ferous iron ores. 
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General data from the operation of the furnace are given in table 76, The 
furnace, in general, operated uniformly, and the stock settled regularly with 
no slip or top explosions which may be aggravated by the generation of large 
amounts of hydrogen in the top of the furnace. Percentage of hydrogen in the 
top gas averaged 2.23, which was not unusually high. There should be no dif- 
ficulty in smelting the brown ores in industrial furnaces with an 80 percent 
recovery of manganese and a fuel consumption of 2,500 to ‘3,000 pounds of coke, 
depending upon the grade of coke, particular ore used, facilities for heating 
the blast, and practice in gemeral, Careful grading of the ore to a uniform 
_ analysis would be essential to fogdlar Disste turner: operation, 


The manganiferous iron ores ‘te whi ch this process will apply. ‘contain 
about 50 percent iron plus manganese and 50 percent oxygen plus moisture and 
gangue. By eliminating the oxygen, moisture, and gangue in the blast furnace 
the manganese is increased from'8 percent in thé. ore’ to'about 15 percent in 
the metal, and the iron is increased from about 40 to'80 percent. The. per- 
centage of phosphorus is also approximately doubled, increasing from 9.25 in 
the ore to about 0.5 in the spiegel. An alloy containing manganese, phos- _ 
phorus, and iron.in-these proportions is.not a commercial, product, due chiefly 
to the high phosphorus: By separating the manganese from the ‘phosphorus and 
the iron two usable products may be obtained; one, a high-manganese slag. suit- 
able for producing ferromanganese, and the other, a low-silicon and low 
sulphur carbon-iron alloy that can. be further refined into steel. 


Newton (274) di scussed ihe possibilities of ‘treating i dcant peroun ane 
ores by duplex processes. Manganiferous iron ores high in phosphaérus would - 
first be converted to high-phosphorus spiegel in the: bdlast.furnace. It wag. 
proposed to blow this high-phesphorus spiegel in.a. basic Bessemer converter | 
to convert the manganese into a: slag which would be poured off before it was 
contaminated by phosphorus. Phosphorus was to be eliminated.after the manga~ 
nese in order to produce steel, This proposal was. weaves ene wi th 
the small side-blown converter shown in’ figure BD, one 


Restilts Obtained i Slowing # #4 gh~Phosphoris Spiegel _— . 
Eleven blows were made on molten bed cae squad ig insatdatactory 


eo 8 +© we 6 


results in each blow. The blews weré "sloppy",: much slag being thrown from 
the converter. It was difficult to'regulate the ‘blast due ‘to the large amount 
of slag produced: '-As ‘shown -in figure 50, -the manganous oxide ranged from 60 
to 65 percent during the first 12 minutes of the ‘blows and then decreased to 


about 50 percent: : Manganese was eliminated: faster. than erated but pro- 
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of the ein oua oa. present. fic peseeue enamel be separated. from phosphorus 
and iron to the degree required: in. producing artificial. ferro-grade ore by 
differential ‘oxidation in a Bessemér converter. A high-phosphorus alloy con- 
taining: about 60 percent manganese could probably be made from basic - ‘converter 
Slag. resulting from bessenerizing high-phoszrhorus, spiegel. The results in the 
small converter confirmed reported data (183) on two spiegel blows by Water- 
house in an acid-lined, dottomblown, industrial ‘converter. ‘The slag from ‘the 
large converter conteined about .three:times as: much manganese as iron. Since 
the objective was to obtain slag containing about ten. times as. mach pereaneee 
as {ron,: no further converter -tests were made, : - 
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ined OQven-Hearth Furnzce 


Attemmts were made to sevarate the manganese foi the vnos horus and 
iron by oreing down charges of molten syiezel in a small acid-lined onen- 
heartn furnace, The results were very unsatisfactory due to corrosion of 
the lining by the manganese and to pronivitive amounts of oshosvhorus, 
ferrous oxide, and silica in the slaz, The acid sla; contained as much as 
1.9 percent shosohorus, Phosvnorus is not thrown into the slag in acid 
open-hearth practice because such a small amount is present. Since the acid 
lininz did not solve the vhosphorus vroblem tests were made with a »asic 
lining 


fests in Basic-Lined Qnen-Hearth Furnace 


The difficulty of excessive corrosion of the furnace lining encountered 
in the acid open hearth was corrected by the use of a magnesite lining. 
This change in refractory linin,; did not solve the vroblem of vroducing slag 
containing about ten times as much manganese as iron and less than 0.2 ver- 
cent vhosnnorus, If 4 or 5 percent manzanese was left in the metal a proper 
ratio of manganous oxide to iron oxide in the slasz could be obtained, Sucn 
amounts of manganese revresented about one third of all of the manganese 
in the spiezel, so that such a yrocedure was not satisfactory. 


Tie process wis slow because with small ore additions a very thick slag 
was soon formed, and further action took place at an extremely slow rate 
It became obvious that to eliminate the manganese ranidly and to get it down 
to O.5 percent or under it was necessary to treble the amount of iron ore 
added, The fluid slag and high concentration oi ferrous oxide forced the 
following reaction ranidly to the right, FeO + Mn = ind + Fe. 


The next problem was that of vronerly adjusting the ferrous oxide and 
ohosvhorus in tne slag, Differences in the relative reducibility of ferrous 
oxide, phos phorus comoounds, and manganous oxide sugested a means of adjust-— 
ing the iron and nhosshorus, Ferrous oxide reduces rapidly at 9509 C, At 
somewhat higher temseratures (1,100° to 1,200°9C.), »shosshorus conmmouncs are 
reduced, but it requires a temperature of about 1,4000° C. anc highly-reducing 
gases to deoxidize manganous oxide ranidly, Ex>eriments showec that a 2- to 
d-ineh layer of small coize:-snread over the surface of the slag vrotected it 
from the oxidizing furnace atmosphere and provided condition under which the 
ferrous oxide anda ferrous ohosvhate in the sla; were reduced with a compara- 
tively small reduction of manjranous’ oxide, 


Miost of the exoerimental work on producing an artificial manganese ore 
trom hisgh-ohospnorus sviesrel was verformed in the small tilting oven-heartnh 
furnace snown in figure 23, Tests with a small electric furnace showed that 
furnaces of this ty2e have some distinct advantages over oven-hearth furnaces 
for this particular operation (see p,. 233, The vrocedure, which was essen- 
tially the same in both types of furnaces, can best be explained by following 
the progress of a typical onen-hearth heat, shown in figure 321, 
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fhe furnace was first charged with 500 pounds of cold spiegel. containing 
15.75 »ercent manganese, If the process were conducted on an industrial scale 
the hot metal would be transferred directly from the blast furnace tc an open- 
hearth or clectric furnace, It was necessary to start with cold metal in 
most of this exnerimental weric. Iron ore was added 2 hours after charginz. 
As the manganese in the metal and the ferrous oxide in the slag decreased, the 
manganous oXide in the slag increased as a resvit of the following reaction, 


Mn (in metal) +FcO (in sla) = lm (to slag) +¥e (to metal). 


Tivo anc. one-half hours after tne ore was added or 4-1/2 hours after charging, 
the metal contained less than 0.5 vercent manganese, The slag at that time 
contained Oo percent Mnd, & percent FeO, and about 0.7 percent P,. Coke. was 
then added to aajust the pdhosohorus and the ferrous oxide in the slag, After 
holding the bath under'a 2— to S-inch layer of 1/4- to 1/2-inch coke for 2-1/2 
hours the ferrous oxide was reduced to 6 vercent. Meanwhile the manganous 
oxide had increased to 66 »nercent, waich provided a 11:1 ratio of manganese to 
iron, The results of a ;:reat many heats show that the necessary adjustment 

of shosnhorus in the slaz occurs simultaneously with the reduction of ferrous 
oxide, 


Detailed-information on limortant features of exverimental work in small 
open—hearth and electric furnaces hag been published in several prosress re- 
ports (139, 190) and o swamary revort (108). The imortant features of the 
work include tie amount of ore added, co.mosition of the slag, recovery cf 
manganese, time ue, for overation, amount anc commosition of metal vro- 
duced, ana commarison Deivcen clectric and open-—nearth furnaces, 


Composition of. Slag 


= * WS AES 


Results with small oneu-hearth furnaces indicate tuat two types of slag 
can be made, Bry usin; silica to maintain slag fluidity, slags can be pro- 
duced containing 16 percent Side, 60 to 70 vercent MnO, 6 »ercent FeO, 9,16 
vercent P, 7 percent AlsOs, -na a few vercent Ngd and CaO, The silica in the 
slag nay be less than 10 vereent, provided enough alumina is present so tnat 
the sum of the two constituents ranges froma 19 to 23 nercent, A tyoical slag 
in which »,art of the silica has deen renlacec with alumina woulda contain 65 
to 70 percent MnO, 6 nercent. Fed, 0.16 »vercent P, 19 percent 5i0o, and 13 per- 
cent Al-9z, The amount of silica and alumina necessary to obtain a workable 
slag will desend woon the temnocrature and the advantaz;e to be zained from 
shortening the time recuired for 3 heat. 


Recovery _of Manzanese in Basic Cmnen-Hearth Heats 


The analysis of dust collectec from metered portions of flue gas showed 
that about 1 percent of tne manzanese and 1,5 »ércent of the iron charged as 
soiegel were lost as dust, The ratio of manzanese to iron in the dust samples 
was about the same es in the spiegel, incicating thet the dust was ».roduced by 
oxidation of the surface of setal zlobules thrown into the gas stream by the 
mechanical action of the oath, Samoles of dust removee from blades of the ex- 
neuster and from the flves also contained inan,tanese and iron in about the same 
ratio as the two occurred in the sniexel treated, 
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Figure 31.~ Changes in composition of slag and metal in heat 437. 
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The data obtained from dust samoles indicated that the loss of manganese 
by volatilization was small, This was confirmed by manganese balances on 200 
onen-nearth heats, which showed an average recovery of 85 percent of the manga- 
nese in the slaz and 10.3 »ercent in the metal, leaving a loss of 4.7 percent. 


Hime Required for a Heat. 


The time required to recover the manganese in high-phosphorus spiegel in 
the form of a sla; suitable for producing ferromanganese is governed largely 
by the length of time required to adjust the phosohorus and ferrous oxide in 
the slag, From 95 to 98 per cent of the manganese was oxidized in an hour 
when the weight of iron in the ore addition.was about 1,5 times the weight of 
manganese in the spic#zel, The time required to adjust the phosvhorus and the 
iron in the slag ranged from 1 to 3 hours, If the. slag was fluid, the reduc- 
tion of FeO and of (Fe0)zP905 was rapid, »orovided the slag was completely 
covered with coke and was at a temoerature of 1,5759 to 1,600° C. If the 
slag was viscous the adjustment of phosphorus and iron was slow, and erratic. 
From 4 to 5 hours would probably be required for the comolete operation in 
an industrial furnace, 


COMPOSITION OF METAL PRODUCED 


Aoproximately 1 ton of metal was produced for each. ton of spiegel 
treated, The average analysis of metal vroduced in 16 eae heats was: 
Manganese, 0.87 percent; »hosvnorus, 0.43 percent; carbon, 5.4 percent; 
Sulvhur, 0.002 percent; and silicon,0.011 percent, In practice this metal 
would be refined into steel. by the normal basic oven—hearth process, The 
high-phosphorus content would be a detriment, but the extremely low sulphur 
content would be an advantage, Only tnrough the value of this metal can 
the operation of recovering manganese from hig =h-ohosnhorus spiesel be eco- 
nomical, The high-manganese slag should be regarded as a byproduct incidental 
to the production of steel from manganiferous iron ores. 


Electric-Furnace Tests 
High-phosvnorus sniezel Was exes in two stages, in the electric 
furnace and in the open-heartn furnace, The first stage was conducted under 
oxidizing conditions and the second under reducing conditions, Final adjust- 
ment of the slag was made in the last stage under reducing conditions, 


The electric furnace has a decided advanta .e over the oven-hearth 
furnace due to the more strongly reducing atmosnhere that can be readily 
established, As a result of this advantage it required about one half as 
long to make heats in small arc furnaces as it did in the small onen-hearth 
furnaces. In general, electric furnaces were more flexible than oven-hearth 
furnaces, Being able to skim the slag manually from an industrial, circular 
electric furnace would be an advantaze because slag lower in silica and 
alumina could be produced, Due to the shorter time required for the operation 
in the electric furnace it apvears that the cost of treatment would be com-= 
varable to the cost of treatment in onven-hearth furnaces, 


Google 
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Refractory Lining 


A magnesite lining was satisfactory in both the open-hearth and electric 
furnaces, The bettom and sides tended to build w rather than to cut out, 


Mineral Composition ef Slas 


The composition of the final slags in these tests is in that portion of 
the ternary system Mn0-FeQ-Si0o, proposed by Herty, Conley, and Royer (158°, 
in which MnO is the major slag constituent, In the field adjacent to this 
knebelite (orthosilicate of Mn aad Fe) is the major slag constituent, Asa 
result of a rather preliminary oetragraphic study, MeCaughey stated: 


these slags are comoosed essentially of two minerals, manganosite and 
IKnebelite. In spite of the fact that the manganosite exceeds the silicate 
mineral in large amounts, tho latter is the continuous vhase and has 
crystallized out in fairly large crystals enclosing the manganosite, 


Silicates of various metal oxides are reduced with more difficulty than 
oxides, It is imoortant to note therefore that these slags are composed 
primarily of MnO and not of the silicate cf manzanese, 


2 en a oe 


Artificial -langanese Ore 


In producing slaz containing 65 to 70 percent MnO and about 6 percent 
FeO from high-phesphorus spiezél, it is necessary te add a thinning agent or 
flux to obtain a degree of slag fluidity conducive te practical reaction 
rates, Herty, Conley, and Royer (158) found from tests on a crucible scale 
that alumina has a thinning effect uoon high-manganese slag, They suggested 
its use in the praduction of high-manganese slag. Tests in a small cpen 
hearth and a small electric furnace showed that alumina could be used as a 
thinning agent, As stated on pave 232, two tyoes of slag can be made; one 
containing 16 percent 5i0o and 4 te 6 percent AloOz, and another containing 
8 to 10 percent Sid, and 10 to 12 nercent Alp0z. Although the high-silica 
Slags appeared to be somewhat more fluid, satisfactery results were also ob-— 
tained when using alumina as a thinning agent. Befere drawing any conclu- 
sions, however, about the use of alumina as a substitute for nart of the 
Silica, it was necessary to investigate the smelting characteristics of the 
two types of slag, | 


Blast-furnace slag produced in smelting manganese ores normally contains 
about twice as much silica as alunina, If highemanganese slag, fluxed with 
alumina, were uscd as a manganese ore, the blast-furnace slag would contain 
about equal amounts cf silica and alumina. Such a proportion of silica and 
alumina is rarely found in blast-furnace slag, | 


* In producing pig iron the oncrator adjusts the slag comoosition to meet 
sulphur and silica svecifications in the metal, In producing ferromanganese 
operators strive to adjust the slag so as to premote the complete reduction 
of manganous oxide, The slag in the crucible of a ferromanganese furnace 
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contains a series of compounds composed of CaO, MgO, Sido, and MnO. In what 
manner or to what extent tne proportion of silica and alumina changes the ease 
and comoleteness with which manzanous. oxide can be reduced from slag under 
blast-furnace conditions is not known, Herty, Conley, and Royer found from 
reduction tests. in graphite crucibles. at 1,550° C. that high-alumina slags re- 
duced as readily as the hign-silica slag, 


‘For lack of a better working rule overators base the recuirements for 
dolomite and calcite woo0n the amount of silica in the charge, Enough fluxing 
stone is addead so that the sum of the lime and magnesia will be 1.5 to 1.9 
times the total silica in the charge, including the cole ash, Bases are added 
to aid in the reduction of manganous oxide which is in solution in the slag 
and to limit the reduction of silica, Alumina is not reduced under blast-— 
furnace conditions; therefore, the only question is whether basic oxides _ 
facilitate reduction of manganous oxide. If alumina in the- charge can be 
ignored in calculating the amount of bases required to produce a slag from 
which manganous oxide can be reduced, it should be less objectionable than 
Silica because of lower slag volumes. The effect of alumina unon vig-iron 


practice has been disciissed, butino information ‘asvears to have been published 
on the effect of: oplmaans on perenne manese practice. 


neste in eee @tucibies by nee. Conley, and Royer indicated that 
manganous oxide can be reduced satisfactorily frem slag containing 40 percent 
Ca0, 30 percent Si02, and 30 percent Als0z on a three-component basis, Such 
slag offers encoura,;; in, } “possibilities fror the standpoint of slag volume be- 
cause of one unusually: low Deeacltys 


In'view of the crete! of WOK wien nad oon done on the first two stevs 
of the method provosed fof ‘producing ferromanganese from manganiferous ores, 
it was decided that the smeltinz characteristics of the two tyves of sla; 
should be investigated with the ex,erimental blast furnace, Such a test s-emed 
desrable as it would complete on a small-furnace scale the last of a series of 
tnree operations by which it was hoved an alloy containing 89 vercent manga- 
nese could be produced from ore contesiinS: = per cent manse NESE» 


EXCERILEWTAL 1 BLAST FURNACE AS: A TOOL TOR 
ete Oe StInG “PROBLGAS 
Tne gaily exoaeay: of ne sseincutel: ‘Sisk furnace is about one half 
of 1 percent-of a modern. industrial furnace, The question arises as to what 
types of problems can 3é investizated with such e furnace and what signifi- 
cance can be attached to the results obtained. The brief resume of former 
experimental furnace tests will illustraté its field of usefulness, 


Segregating ore into sizes and charging the sizes into an experimental 
furnace in sequence immrovec the overation very marizedly and suggested that 
within reasonable Iimits uniformity of size in a given charge has more effect 
woon the rate and SOnD NH cnees of reduction than does the absolute size of 
the averase particle, 

Promoted by the general sugszestion (325) that uniform sarticle size in 
each layer should be benéficial,. one »lant’ has been senarating its ore into 
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three sizes and cnar-ing each size senarately for several years, ‘Tnis vrac— 
tice, by which nroduction was increased 11) tons ver day on founcry iren and 
82 tons on basic iron with a corresonnding cole savings of 488 and 437 nounds 
per ton, has been doscribod by Kinney (205). - large variations in zas compe- 
sition at various positions across several planes of the experimental blast 
furnace (327), forecast similar nomaniformity in full-size furnaces charged 
with bell and hoover, similar to the equinment used in the experimental 
furnace, Varying degrees of nenuniforwity in tcmperature, in gas comoosition, 
and in gas velocity were found by Kinney (206, 207) in several industrial 
furnaces, Slags containing as hizh as &3 percent AloQs and as low as 6 ver- 
cent SiOz have been melted and tax.ed witnout difficulty.from the experimental 
blast furnace, The case with whicn tnease slegs were oreduced in the experi- 
Gucing in the blast furnace'a slay; similar in cempositicn tn the se-called 
high-alumina cr quick-setting cements. | _ 3 : 


The experimental blast furnace is particularly useful in studying the 
smelting characteristics of new raw materials and in investigating ranges of 
sla composition outside -of those of normal practice, The production of . 
ferromanganese from two tynes of hizh-manganese slag presented a problem of 
this tye. a | : 


The thermal requirements cf the exverimental furnace are vastly different 
from those of a large furnace due to large heat losses and low heat reserve 
of the little furnace below thea tuyéres. Zxverience on the small furnace 
shows that it requires 75 to 100 percent more fuel to do the same smelting 
work in the 1/2 percent unit as in the full-scale furnaces, 
Raw waterials 


Coxe 


Size of particle exerts a predominating influence woen the space required 
completely te convert atmcsoheric oxy,jen into carbon monoxide: during the 
process ef comoustion, Normally, the oxygen and carbon dioxide are convertod 
into carbon monoxide in localized zones extending 40 to 50 inches beyond the 
nose of the tuyeres. If tue coke narticles range in size from 3/4 tn 1-1/2 

~inches, the oxygen and carden dioxide disannear in 18 to 22 inches, Byproduct 
coke, known on the market as "nut coke", was sclected for the exnerimental 
blast-furnace test to minimize the size of the combustion concs and thus 
establish as strengly reducing conditions as possible in the hearth of tho 


furnace. Typical vercentaze analjses of the coke follow: 


Os OAS A AY AS SS Se 


Fixed | Volatile | | 3 


carbon Asa | matter 
SS 
90.67 | 8,38 9.95 | Os0c 
92.30 | 7.37 133 : ee 
-.91.93 | 7,59 48 042 
1.87 | 7.81 | oa 7 | 35 
91,00 | 8.90 | 030 250 
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FLUXES 


Hig ch-grade calcite and dolomite were used as flux, In place of the 4- to 
6-inch pieces used in- industrial furnaces. particles ranging from 1/2 to 2-1/2 
incnes were used. The distribution of various sizes is. given in table 77, 
About 90 nercent of the-vieces ranged in size from 0.5 to 2 ed inches, Car 
samoles snowed the following nercentaze comoosition: 


ee 


MgO | 83 Alo0z | Feg0s"° 


Sa era oan 5 arecerenmeaas | [aa 
Limestone eeeeeaevsoree Leo 1.00 lel 
- Dolomite: eeeees @ 0682 6 i 21.6 | e+ 000 4 | 1.2 aa 
ae Fe Ee a Ne RR ht a lO ee ene ctl tee ee roo peor 
TABLE 77, - Sqreen Analyses of Raw Materials, Percent 
Size Coke Lo Calcite 7 Dolomite 
—2.0 + 1.05 eee 76,5 5241 . 46,7 
-1,05 + 0742 inch 21,0 28,6 Geet 
-~ .742 + (525 inch ~ ho 9,9 | > 11,7 
ae Provats) eeeserce inch 1.2 9.4 


. ° 
re ee ee + ce ee np Oe 6 oe en © ene ee ee 8 ee ee mee eee sr et eee + ee 


Ser ei ee — - 


: : Se ee 

} Artificic:1 lArtificinl | ‘anganese | Manganese 
ore no. lL/iore no, 22/!ore noe 1i ore no, 2 
Pniateit nek helenae . 
| 


ee ee ee ee Ee ae 


ee 


: i | 
“2 0 +1.05 inches] 31.2 | 12 35 ire se | 26 42 
“1,05 + .742 inch 27 6 ; 280.60 | 4.67 25 43 * 
- .742 + .525 inch 18.2 | 14.45 | 6,54 14395 
-~ 25 +.371 inch |... 6.8 | 7 22 | 9.35 6.90 
~ .371 43 mesh oe 4.9 | 9428 11,20 4.60 
~3 nesh +6 mesh veeeeel 11.0 13.40. | 23,40 6 .90 
-6 mesh sreresenseaneg ~ im 2 22,70 * 44.84 | 13,80 
i Se a ate 


dign-vianganese Slaszs or Artificial Ores 


Tivo tyves cf re les were used as a source of manganese. 
The greater oart of the slag, which\nad been fluxed with silica, was »vro- 
duced by treating’ nigh-—vhosviorus spiesel in the onen-heartn furnace, .It 
was necessary, however, to make un virtually all of the high-alumina slag 
by remeltings manganese ore in the oven-hearth furnace and by adcing bauxite 
as a source of alunina, ‘the slag was tanped on ton of a small amount of 
raw ore which aided in producing a more yorous product, 


1726 “Dole 


Google 


Screen analyses of the two tynes of slag are given in table 77, The high- 
silica slar contnined virtuslly ne material smaller than 6—mesh, About @5 per- 
cent of ‘it ranged in size froa 0,5- to 1,5~-inch pieces, Whe slag which nada 
been fluxed with alunina was sualler in size (minus 14 mesh) but contained 
virtually no votentinl flue dust. From the standvoint of vnysical structure, 
material of this tyoe is very desirable, Percentaze analyses of the two 
tyves of slag follow: 


Slag fluxed with alumina ..+s. 
Slag fluxcd with silica eee 49.0 
ca ees a ea i ira ieee | Ceo ai 


The slags are similar ‘chemically excent that in the first case about 7 percent 
siliea has been replace’ with an eoual amount of alumina, 


Sinilarity 3etveen iisn-Manganese Slags and Sinter 

The idea of using a fused oroduct in »lace of an ore is neither new nor 
novel, It was formerly delieved tnat 2 comaratively small amount of fusion 
eccurred in sintering anc that the formation of iron silicate’ was regarded as 
being hisnly undesirable, Klush (798) states that the formation cf iron 
silicates is due to high temoeratures and can be avoided by vroper control of 
time and temperature, liore recontly Schwartz (245) has shown by a microscopic 
study of »olished surfaces that sinters are precominantly and in most cases 
almost entirely comosed of « new yeneration of crystals or grains and that 
bonding is due to the interlocicins: of mymnetic grains and the binding together 
of such grains by ircn silicate, Sinter has more desirable vhysical structure 
tnan most iron rres, Jts reducibility compared with iron ores has been ‘tne 
subject of considerable discussion and speculation and but little experimental 
inquiry. ° | - 2 4 

e 2 ° : 

Higne-manzanese slag cousists of manzanous oxide banded with iron and 
manganese silicates, It contains a lar ve imumber ef ovenings or pores formed 
by the evolution cf fas, As in the cose of iron-ore sinter, its resistance 
to size dcgridation aids in oro@ucing a more oven blast-furnace charge com- 
paratively free from dust, Comolcte and final reduction of manganous oxide 
1s not accormmlisned before fusion occurs in any case, Tne fact, therefore, 
that a manganese-bearing oroduct has been fused would not seriously afrect 


its reducibility, 


Commercial Ores 


> 


Two commercial ores were used in maxing wo the synthetic slags. These 
were also used in the exnerimental vlast rurnace for a short veriod, As 
shown in table 77, one of the ores wes rather fine, wnile the other had besn 


crushed to a size comarable to that of the highemanganese slags. 
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Analyses of two ores, vercent 


Manganese ore noe 1 oe 
llanganese ore Noe 2 e- 


these ores were not selected nor is their’ analyses revorted with any imolica- 


tion that they are representative, commercial manganese ores, They were 
chosen primarily for convenience in making the. synthetic slag. 


DESC. SEIPT ION. OF} EXPERIMENTAL BLAST FURAACE 


A detailed descristion of the experimental blast eee and of the 
plant layout has been publisned in a previous revort (187). The dimensions 
and lines of the furnace are shown in figure 32. Normally, the weight of the 
slaz is calculated, It was desirable to have more accurate information; 
therefore, the slag was caught in heavy cast-iron boxes, The ferromanganese 
and a portion of the slag were collectec in one box and the overflow of slag 
in a second, This vrocedure avoiced contamination of the slag by the ladle 
lining and nermitted accurate weighing of the slag and the metal after removal 
from the boxes, In order to allow a longer time for reduction of manganese 
oxide in the crucible, the cinder notch shown on the left in figure 37 was not 
used, that is, the slag was not flushed from the furnace between casts, All 
of the slag produced was tapned with the metal at 3-hour intervals. 


Discussion of Onerating Results 


Rate of blowing, slag viscosity, and burden or weight of raw material 
per unit of coxe were factors for which there was.no precedent or guide when 
the experimental blast furnace was blown in. It was necessary, therefore, to 
make a number of changes during the carly part of the test. An air blast of 
300 cubic feet ver minute save the best results. .Faster rates of blowing led 
to increased slag losses, and at slower rates insufficient metal and slag were 
brought into the crucible to prevent the bottom of the furnace fiom building 
up. The slag and me tal entering the crucible are the chief source of neat be~ 
low the tuyére level, “Experience with a number of small furnaces nas shown 
that, unless the slag and metal are brought into the crucible at a sufficient 
rate to comoensate for hich heat losses and to provide a neat reserve below 


the tuyéres, the crucible skull around the sides and tne bottom of the furnace 
puliee We 


eter aceass oneration of any furnace producing ferromanganese requires 
proper'adjustment of slag basicity and of the amount of ore burden, which in 
this'instance was hi-n-mananese slag, The hizh-manganese slag, which had 
been’fiuxed with silica, was charged in the first half of the 30-day test 
(see p. 238 for analysis). By a series of changes in the burden and in slag 


basicity the manganese in the slag was reduced from 30 to 11.5 vercent, 
Table '78 contains analyses of metal »roduced during the first part of the test. 
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The percentage of dolomite and calcite was varied, but time did not permit any 
systematic study of the effect of magnesia when onerating on a charge contain- 
ing normal vrovortions of alumina and silica. Higher »ercentazes of magnesia 

gave better results on tne high-alumina charzes, 


The results of the 30-day test have been summarized in table 79, Periods 
1, 2, ana 3 give the results obtained on the high-manganese slaz or artificial 
ore whicn had been fluxed with silica. The most satisfactory results were ob- 
tained during vericd 1. The manzanese in the slag averaged 11,5 percent and 
the basicity 1,59. Due to the large amount of iron introduced in the 
coke, the metal averaged 76,0 nercent manganese, 1.5 vercent less than the 
lower limit of 73 »ercent set for ferromanganese. The fuel consumption means 
very little unless it is considered in connection with past exoerience with 
the small furnace. Obviously, a furnace with a capacity of one half of 1 per- 
cent is much less efficient thermilly than a full-scale furnace. Frcem the test 
in which 12 to 15 percent spiegel was »vroduced in tne exmerimental furnace anc 
from other tests with the same and smaller furnaces, it aovears that 1 ton of 


ferromanganese could be produced in a large furnace from the same slag, with a 
colre consumption of 5,500 to 6,590 sounds, 


vABLS 78, - Analyses of First £29 Casts of Ferronanganese, 
Percent 
area Cae ecaeea Be te ne oh 
Cast no, Manzanese Silicon Phosvhorus Carbon 
eee en eae ee een eer eee ee hte a tien ase 

1 77 0,00 0,41 6.0 

C 79 90 eevee eave eee 

3 82 .8 LO 043 6 4 

4 82.0 a bes coor eee 

5 81,6 04 eee 6.6 

§ SUMO ecc5e eoee eee 

7 G4 Pie) et eeee 6 Ate 

8 eae eceo eaeee ese 

3 83 4 | Ge: o41 6.09 

10 82 .0 coe. eee. eve 
ll 80.3 ele ofc 6.6 
le 84,9 eees eee cee 
13 87 9 oL4 043 ose 
14 B83 el | eosvene eon a ee | 
LS 77 th 12 043 eee 
16 75 4 eter oeee coe 
17 80.7 gil ocd eee 
18 78 44 006 cece eee 
19 79,0 coos eee eee 
20 7840 ek0 eee coe 
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Figure 32.— Lines of experimental blast furnace, 
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TABLE 79, - Overating Data of Experimental Blast Furnace 
During Ferromangzanese Test 


Lime eeo*r00608 86 


Item 


MENG STAs Mi sdiek eiesaseg 6B Oaee wus lee Meee ere 
Manganese eeneecneeesce canescens eeue 


Basicity Cad + ed Pr ae oe eo i oo 1,59 1,35 1,06 
5109 
Manganese charged e-eceee 1b, per ton | 2,260 | 2,615 2 040 
Mn to metal Se ee aG a eee alee percent e 74,40 63,0 64,0 
Mn to slag bc ceee Dee eee do C2 WV 56 .O 56.0 
Mn unaccounted for eoercesoe do 4.0 1.0 20 
Temperatures 
BLAS dike laced wo aes Gelso Sree Sebel “a 930 860 942 
TOD: Mie Saves enue so wsaaweaalereietees. “O° gc. Fei a7 1,000 
LUV CUE. asa stuawedewaeswasaeos (Ow |) Ly 740) | e700 1,735 
DIAS: Wide keaeaew tereaweeeseeees CO } 1,490" j-16460 1,015 
Pressure 
Blast Coe eeceenesteoennesreeseres in. Hse Lee Bel 1,05 
Blast. atsdeesesceaees 10%, Per Gq.: ins 64 1.0 e654 
Air per Min sccccceccccrevecee Cle Ite 500 300 300 
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High-manganese slag ...ee.e lb. ver ton | 4,540 | 5,250 5,070 
OB LCLUC:. cae ore uate eas. 0b ar8-< do 1,635 | 1,400 1,685 
DOLOMI tS: isevecweee sas eec do 1,535 | 1,400 1,685 
COAG: sje ieuare,eenovereuereie eo wieceaus co 12,000 111,500 | 12,200 
Carbon: 6 \s4:s.60006 8 6 eiaoen-eue do 9,800 | 9,400 | 10,000 
DIAS Seige oes eaeseees ees do 4,350 | 4,558 5,208 
Metal analyses, perceit 

Manganese Pe a a ee ee ee a ee 76.0 74,0 74.0 
Di LCON: <cicudeweeaGawsseuseweeeseuwe es ol ok eld 
US DON. <i digwielele Ge nee bese ee ene aes 69 6,0 60 
slag analyses, nercent 

CO. 5-4 Ws beer os wie & re ere ew Oe Wa ES 27.00} 24,3 25.0 
ALUMI. psy 64 kiee bee +e See ee wows 11.65 | 10.7 11,0 
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There woulo_be no difficulty in »roducing the. standard 80-yercent alloy 
because of the smaller anouni of iron introduced with tue coke ash, When a 
sla; of lower iron contentwas used, it was v.ossible to .rofuce in the snall 
furnace metal containing es hich as 37.9 sercent manvanese (cee table 78), 

The iron in the slag; cen te a justed by varyin;; the second step of the vro- 
cess by wnich the hi igu-mangenese slay is yroducec from uigh- vhosvhorus spiegel. 
With the fuel conswmotion that may be exvectec on full-scale furnaces, a ratio 
of manganese to iron of 1Osl, wet is, ©O vercent manganese and 5S vercent iron, 
would allow the »roduction of the standard 78 to Benpercent ferromanganese. 


at 
Q 
ae 


Silicon and Phosvhorus 


rhe silicon in the metal »ro@ucea in the exoerinental blast. furnace was 
unlformly low anc well uncer the 1 vercent limit sometimes set for ferro- 
manganese, It has becn suy,csted that it would be difficult to control the 
silicon content of fei rromanganese oroduced from hi gh-manganese slag contain- 
ing 15 to 16 oercent Silica, It is con .ceivable witn a furnace onerated 


* @ © © - * 


primar ily to produce ec and yeu due re gard for pecovery that control 


Se Se a er | 
= 8 * yg fF ay 


> @ et © «© *£ # @ 


justiment os bande Fluxes and an ftiel necessary 6 obtain a Rec ee re- 
covery of manganese, there scald be rio i retoeulty ‘i of | ‘controlling the silicon 
in the metal. ae 
he unper. limit set for phosohorus in the slas was 0.2 percent, which 
would correstiond to about 0.4 vercent in the ferromenganese. Slag of lower 
vitosphorus ‘content 0.15 percent or under) couldé ‘be vroduced, An addition of 
14 pounds of metallic manganese in the form of ‘ferromanganese containing 0,4 
nercent of ‘phos»horus, would -increase the »hospnorus in the steel by 0.003 
percent, whicn is about 9,001 vercent more than is introduced when using an 
average grade of ferromanganese to make -stesl of average manganese content... 
Samsles taken after making mancanese additions .and .recarhuriging often show 
a considerable increase in vhasozhorus content camared tq samoles taken from 
the furnace just before tanning. This.increase.of manganese is only partly due 
to the phosphorus introdi.ced into tne ferromanganese, “A large wart of the in— 
crease results from.a kicicback of »shosnhorus from.tne slag to tne metal during 
the course of recarburizatign which establishes reducing conditions, Low 
phosphorus content is, no coubt, an aid in marketing ferromanganese, but its 
importance as an ingredient of this alloy has been overemohasized, 


Although there are anparently no reasons why high-manganese slag could 
not be used alone in producing standard 80 oercent ferromanganese, mixing 
with natural ores misht be advantageous, The general practice is to mix 
various ores in proportions which give the best balanced mixture, physically 
and chemically, 
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Tire atst satisfactor: results were ovtained on the ezmerimental furnace 
when slag basicity, exoressed as oo was about 1.6, A more basic slag 
LUD 

was oroduced, but the increase in slag volume more than compensateu for the 
decrease in vercentage of manyranese in the ee The loss of manganese in 
the slay is determined by the weight of slag and the vercentafe of manganese 
it contains, Periods 2 and 3 (see table 79) show that a lower percentage of 
manganese in the slag Coes not necessarily mean a smaller loss of manganese 
in the slase The manganese in the slag averayved 3.7 vercent less in period 

3 than in »eriod 2, but the loss in. tne slag was the same for both periods, 
It was very evident curing: the: course of the. test that when the slag besicity 
exceeded 1.6 to 1.7 the slag reaching the tuyeres was extremely basic due to | 
some 20 to 23 vercent manganous oride: At such times comarat ively cold 
lumos of limestone and. slag reacned the tuyére unmelted. The distance between 
the tuyéres and the zone of fusion is related to tne free-ruming temerature 
of the slas, Slag with a low. free-rmning temmerature melts at a higher 
level in the furnace, which means that it will’ tricizle down over a longer 
co.ce columa before reaching the tuyéi ‘es, Although the time is commaratively 
snort tue surface contact is‘large. The temperature-viscosity relations of 
the slag influence the nce of ‘spreadinz or dispersion of the slag as it 
drops down through the coke column against the rising gas stream, Basic 
oxides tena, in Benes. to retard the fusion of systems containing large 
percentages of manzanous oxide and.comoaratively small amounts of silica, 
Taey nice increase tle viscosity. ilence, an excess of tasic oxides, desirable 
in the last stages of reduction of .aanzanous oxide in the crucible of a blast 
furnace, may be detrimental tn tac reduction of manganous oxide in and above 
the tuyore level, 


ane best recovery of manganese vas obtained during period 1 when 74 per- 
cent of the manganese cnarged was recovered in the metal and 22 percent in 
the.slaz, leaving 4 nercent unaccounted for. The large loss occurred in the 
slag and was due »rimarily to the hiyh slaz volume, which amounted to 4,350 
pounds per ton of ferromanganese. With a fuel consumption of 6,900 pounds of 
co:re, wnich might reasonably be expected on a large furnace, the slag volume 
would be reduced to about 3,500: pounds, This is about 1,000 pounds more slag 
than is normally vroduced when using the usual grades of imported ores. The 
larger slaz loss resulting froil this additional slag volume would be com- 
vensated for by a smaller stacx loss due to the elimination of dusting, 
Measurements of the dust in tthe exit gases indicated that less than 1 nercent 
of the Rane mese charged was carried off in the ton gas, Manganese balances 
on pericds 1, 2, and 3 showed a stack loss of from 0 to 4 percent, which merely 
means that the loss was »nrobably on the order of 2 vercent. The large loss 
indicated in nericd 4 will be discussed later, A stack loss of 10 vercent and 
a slags loss of the same amount is a common distribution of manganese in 
furnaces sperating on natural ores, By eliminating vractically all of the 
dust loss and restricting the staci: loss to a few percent loss by volatiliza- 
tion, the total smelting loss would not exceed 20 percent even tnough the 
slag lsss were creater than 15 percent. Restricting the slaz loss to 15 
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percent wnen producing 5,00 »ounds of slag ner ton of metal would require 
holdin; the mancsanese in the slag slightly under 10 vercent, Such a degree 
of elimination of manvzanese from the ree is readily attained in good vrac-— 
tice, 


fuel ee 5 On. Wis h-lanzanese Slag 
nnd on Natural ¢ Ores 


wore co'ce vould be required to produce 1 ton of ferromanganese from 
high-mangane se slay than from natural ores of lowsr silica content. Tonnage 
for a ;siven furnace would be smaller because of nigher fuel requirements: and 


also due to the necessity of allowing greater time to realize the same degree 
of reduction of pre oe oxide from the larger volume of sla. 


the relation petween slag volume and fuel consumtion, reported by 

Royster to be 0.88 pound of carbon for each additional vounc of slag, was 
discussea on page 210, On tunis basis, 1,009 »ounds of additional slag ver 
ton would require 880 »ounds of additional carbon, Since 1 ton of ferro-- 
manganese? can be produced from natural ores on a fuel consummtion of 4,500 
to 5,500 mounds of colze with normal blast temoeratures, it seems reasonable 
to assume that the coke requirements in smelting high-manganese slag would 
range from 5,600 to 6,500 pounds, 


@oeratin: Temoeratures of Dxmerimental Blast 
Furnace During Ferromanganese Test 


The calorized ».ixe stoves used to preneat the air ovlaced a limit uvon 


the temoeratures to which the blast could be heated without burning out the 
pipe elements, Blast temneratures were therefore several hundred degrees 


lower tuan those usually maintained on industrial furnaces, Low blast temmera- 
tures were, no doubt, vartly responsible for the hizh fuel consumption of the 
emall furnace, Tuyere temmeratures on the exner imental furnace averaged 
1,7219 C. comoared to 1,550° C. for full-scale ferromanganese furnaces, ‘The 
temperature of the slag wroduced in the experimental furnace averaged 1,480° 
C. compared to 1,426°9 C, for incustrial furnaces (see tables 73 and 79). 

It was marticularly difficult to set accurate temerature measurements of the 
metal tanned from the exnerimental Turnace, due to small casts and the short 
interval between the time when the metal was running freely and the time when 
the sles would start floving, ietal temeratures, measured with an optical 
pyrometer, are often too hijsh due to a small slag film on the surface of the 
metal, In general, the netal fror the experimental furnace was cold. The 
lowest temoerature observed. was 1,¢259 C, Ranid dissination of heat from the 
crucible of the small furnace is resvonsible for the large difference between 
the temoerature at the tuyéres and the temmoerature of the metal, This differ- 
ence, amounting to 350° to 4009 C., corresponds to a similar value of 175°C. 
for industrial furnaces, 


Tne low metal termerature, suallow crucible, small heat reserve below 
the tuyeres, and overle vyoings of combustion zones are the principal factors 
which -wake a small blast furnace inefficient in vroducing ferromanganese, 
When the furnace was preducing about one half ton of ferromansanese ner day 
the botton of the furnace remained at about the same level, the furnace was 
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easier to tad, and recoveries were higher. Imoortant amounts of manganous 
oxide are, no doubt, reduced by contact between slag and metal. Ilarger quan- 
tities of hotter metal therefore aided in the recovery of manganese. 


; : ogc \ 

There is a mariced change in reducing conditions in the tuyere zone and 
at lower levels, A shallow crucible does not »rovide enough storage space in 
which sla; can be held under strongly reducing conditions, 


Qneration on High-Manganese Slaz Fluxed with Alumina 


The operation of the experimental furnace on high-manganese slag contain- 
ing 49,8 sercent Mn, 16 percent SiOo, and 4.9 percent Alo0z, was much more 
satisfactory than the results obtained on hish-~manganese ee containing 52.1 
percent Mn, 9.4 nercent Sido, and 12.7 vercent Alo0,g. These two types of 
slag were very similar except for the ratios of silica to alumina, 3,3 and 
0,74, respectively. The criteria for comparing furnace practice when produc- 
ing ferromanganese are recovery of manganese, fuel consumotion, and tonnage. 
By gradually adjusting slag basicity end the burden it was possible to pro- 
duce from a high-silica charge slag averaging 11.5 percent manganese, With 
the prevailing slag volume, 74 percent of the manganese was recovered in the 
metal (see table 79, period 1), | 


When operating on a high-alumina charge the furnace did not respond to 
changes in slag basicity and the amount of fuel used, An effort was made 
during the course of 10 days continuous overation to get the manganese in the 
slag down to a reasonable figure, The test results and the only data which 
warranted summarizing and presenting in detail have been given in table 79, 
period 4, The manganese in the slag averaged 24.2 percent commared to 11,5 


oercent on the high-silica charge. Due to this high nercentage of manganese 
44 percent of the manganese was lost in the slag compared to a 19ss of 22 


percent when operating on a high-silica charge. Only 46.2 percent of the 
manganese charged was recovered in the metal. About 10 percent of the manga- 
nese was not accounted for in the slag and metal, There are no apparent 
reasons for any greater volatilization loss or dust loss during the overation 
on the high-alumina charge, The slag produced during period 4 contained 
almost as much silica as alumina, whereas that produced during period 1 con- 
tained about 2.5 times as much silica as alumina, This difference in slag 
composition anparently affected the temoerature-viscosity relations of the 
slag. The high-alumina slag contained considerable metal shot, ranging 

from 1/32 to 1/8 inch in diameter, In most cases these shot were concen- 
trated in the lower vart of the cold slag, which was collected in the same 
mold as the metal, This indicated that they were in suspension in the slag 
during tapving and settled out before the slag solidified after tapping, 

The »yoor senaration of slag and metal indicated a difference in the physical 
properties of the slag, An effort was made to reclaim the larger shot, but 
there was an unavoidable loss of metal in the slag, Samoles taken for chem- 
ical analyses were given a preliminary crushing and screened to remove shot 
wnich could not readily be removed, as they were feebly magnetic. Had it 
been vossible to get a clean sevaration of slag: and metal the recovery of 
manganese in the metal would probably have been about 5 or 6 vercent higher, 
and tue ianganese unaccounted for would have been reduced to 4 or 5 percent, 
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There was a decided tendency for the bottom of the furnace to build w 
When producing the aigh-slovina slag. It was often necessary to turn, the 
tayving bar wovard in orcer to reach the liquid metal, At times it WAS 
necessary to open #& hole at @ nisner level, This overatinz: difficulty, as 
well as the poor senaretion of slas: and metal, misht be less »ronounced on 
a larse furnace, but the sanc troubles would nrobaoly occur to a modified 
QESTCO 


fhe slazi was frovny, Tull of 22s, and norous after cooling, when it was 
low in manganese, Tuis was observed jarticularly curin,; period 1 (table 79). 
Tne hign-alumina slags were Gense, indicating tna reduction of manganous 
Ooxluc and vas formation wore lees active, | 

Gane humerous veriebles tast affect the operation of a blast. furnace 
often make it difficult to craw conclusions from operating data, In this 
particular cas? oneration on nign=-alumina charge was sufficiently different 
from the operation on the high-silica charge to leave little doubt as to 
difference in smelting characteristics of the two mtcrials, The rather sharn 
increase in tne vercentage of manj;anese in the slaz when the hi,sh-alumina 
Ciarze reacued the crucible is shown in table 80, which contains analyses cf 
the last slag .roducec during veriod 3 and the first flushes of period 4, 
There was very little chan;re in tuyere termerature during the 48-hour period. 
. fact, the buyer e temoeratures were uniformly high tnrowshout the entire 

test. The cmount of burden was held constant, Blast tcnmerature were some- 
what lower during the operetion on hizh-alumina cherses, but in view of the 
conparative emall cifference in twyére temmératures the difference in blast 
temperatures does not oxolain the large difference in the operation on the 
two types of material, Tne canacity of tho crucible below tne tuyeres was ma-— 
terially cecrensed wen overating on tne high-alumina char-"e This was due 
to the incrustation of sla: on tue bottom and sides of the crucible. 
TABLS £9, - Slas Analyses, Showing Transition from Normal 

Q bi pinalwaiaa Slag, Percent 


ee 


Sammles taixen [4 hours tefore aaa charve roeacned crucible 


wee mm + oe eee were =e 


| 


a 7 Sits | — : cad | 50 
COA RereED | Ue eT ENON, ROREIRGE OG Seen SRR RERLE CE! Or 
12.28 209 ; ile | 23.0 | 9.40 
15.9 24,8 | 11.1 | 23.2 3.70 
15.3 22 .6 i 10,8 | 30.25 12.31 
ea Sea RMR, 22-9) REnET eet eet 0. Ge SO. ea 12 20 


Samples taken 24 iow's atter hish-nlumina charze reached crucible 


eae ee eee we ee oe a ee 
re ces ww ee 8 ae ee. ne mee = em ee 8 we ee ee ee oe ee ees ee ce eee ee ee ee ee; =<<<<—— oe. ee - 


22.5 | 26.16 | 11.38 | 18.5 9,11 

26 8 | S000 |, PAB COG: 14.2 7 06 

25.7 19 32 Wee 17.2 7 03 

26.4 | 18/7 | sh 19a7 6.95 
a sch te ee ee 
1726 ~246- 


I,.C, 6770 


As a result, the slag appeared in front of the tuyeres in a comparatively 
short time after cast, This decrease in the volume of slag which could be 
held in the crucible below the tuyére level, where a hignly-reducing atmos- 


phere wrevailed, aggravated the difficulty-of being able'to reduce the 
manganous oxide from the nigh-alumina slags. 


Effect of Slag Basicity and Magnesia on Recovery 
of Manganese from High-Alumina Slags 


The first sten in the method proposed to produce ferromanganese from 
manganiferous iron ores consisted in smeltinj: a charge of such ore in the 
experimental blast furnace. During this test, the alumina in the slag ranged 
from 9,4 to 21 percent. At that time an effort was made to determine the 
effect of alumina on the completeness with wnicn manganous oxide was. reduced 
from the slag, The conclusion reacied was that as the alumina in the slag 
increased the use of additional bases had less effect in decreasing the _ 
manzenese in the siag; that is, there was a greater decrease in the manganese 
in the slag for a given increase in basicity when the alumina averaged about 
10 percent thin when it varied up to 20 percent, This same tendency was more 
pronounced during the »roduction of ferromanganese from high-alumina charges. 
The alunina in the slaz made during the production of high~phosvhorus spiegel 
was almost.as high as it was in the slag made during the ferromanganese test. 
There was, however, a large difference in the relative percentage of silica 
and alumina in the slag made in the two operations. The sviegel-slag con~ 
tained from 2 tq 2,5 times as much silica as alumina, whereas the ferro-slag 
contained approximately equal amounts of these two oxides, 


-In attempting to reduce the mangenousoxide in the slag during the ferro- 
Manganese test, the basicity was varied from 1,22 to 1.65. As shown in table 
81, the manzenese in tne slag was practically the same when the basicity was 
1.22 and 1.€5. During the 10 days oneration on high-alumina slag there was 
rarely less than 20 percent of manganese in the slag, The burden throughout 


this poriold was the same as dur ing period 1, when the Rens tuore in the slag 
averaged 11.5 vercent, 


Increasing the amount of magnesia in the slag was more effective than 
increasing the basicity in aiding the reduction of manganous oxide from the 
slag. For example, in table 81 a definite relation exists between the mag~ 
nesium oxide in the slag and the vercentage of mene ieee: 


TABLE 81. - Averese Sine Dantveen' Showing Bffect 
of MeO on Percentage of Manganese 
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The percentage of manganese in the slag, however,.was about the same when 
the basicity was 1,65 in group 2 as it was wnen the basicity was l ce in grow 
3. McCaffery, Cesterle, and Fritsche (248) have studicd the effeet of mag- 
nesium oxide woon the viscosity of the quarternary system Ca0eSi05 eAlo0q gd. 
Their results show that magnesia has a oronounced effect towards increased 
fluidity of silica—alumina-lime-maznesia slags, The slags produced in the 
exnerimental furnace on hijh-alumina cnarges contained 25 tn 35 percent man- 
ganous oxide. Such large vercentazges of a fifth constituent leave some doubt 
about apnlyinz viscosity measurements made on a four-component system, It 
@ovears probable that the higher percentazes of magnesia did aid reduction of 
manganous oxide by decreasing the viscosity of the slag, The amount of 
traoped shot in the slag as indicated by the total iron determinations was 
less with higher vercentazes nf mamgesia. This indicates magnesia had a 
thinning action on the slag, Hagnesia, however, was more ef a palliative than 
a cure for the troubles encountered with high-alumina slag, 


Qoeration of Experimental Blast Furnace on Manganese Ores 
The experimental furnace was overated for a snort time on two mangancse 
ores, Ore 2 was high in alumina and the other contained silica and alumina 
in normal proportions (see p. 238). ‘The time available was too short to 
correct channeling of the gas, which was »articularly bad on ore 1, The 
analysis of metal »roduced from manganese ore is given in table 82, 


Commercial furnaces, which have a comparatively large amount of reserve 
heat in the hearth or crucible, are much less sensitive to changes and 
irregularities than the small furnace. Nonuniformity in size of raw materials 
and the inevitable. nonuniformity in gas distribution, however, tend toward 
inefficient overation in large furnaces, 


Temmerature surveys were made across several vlanes of the experimental 
blast furnace to obtain a comparison in gas distribution when operating on 
the high-manzanese slag and when operating on natural ores. Figure 32 shows 
the vosition of the test holes, The cbservations are = orte. in table 83 
and in figure 34, <All observations made across various planes when the 
furnace was operating on highemanzanese sla:; snowed uniform increases in 
temoerature from tne inwall toward the center of the furnace, 


Temperature measurements mide throush hole 64 in plane 6 on June 4 were 
very similar to those made through the same hole on June 9, A striking 
change is shown detween the gracual temverature changes on these days and 
the sharp fluctuation of temeratures with cistance from the inwall when 
the furnace was filled with fine ore, The physical characteristics of the 
slag or artificial ore were inmortant enough in the ooeration of the small 
furnace to offset the advantages of lower silica in the natural ores, This 
would probably not be true of a large furnace, The physical structure of 
the slag, which resembles sinter, would, however, offer an advantage in 
establisning uniform distribution of the gas, which is essential to wniform 
nrevaration of the material in the wover part of the furnace, 


? 
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Figure 33.—~ Position of holes in lining of experimental furnace. 
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The short period of operation on natural ores was significant in one other 
respect. Ore 2 was used first, being followed with a charge of ore 1, which was 
finer and apparently settled through the furnace more rapidly. About 4 percent 
more manganese was recovered in the slag and metal than was charged in ore 2, 
indicating that substantial amounts of ore 1 had worked down through the furnace 
at arate more rapid than the normal rate of stock descent. A manganese balance 
for the period of operation on ore 1 showed a stack loss of 31.8 percent. Con- 
_Sidering the entire period on natural ores, the stack loss averaged 27.8 percent 
compared to an average stack loss of..about 4 vercent for operation on high-man- 
@anese slag. Such a large difference in stack loss would not probably be found 
if the two types of material were smelted in large furnaces. The data, however, 
from the small furnace indicate that much of the so-called stack loss is a dust 
Loss which may vary widely with the ore used. The physical structure of high- 
manganese slag would practically eliminate this dust loss. 


TABLE 62. = analy ses of Ferromanganese Made from Manganese Ore, Percent 
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Summa of Experiments on Production of Ferromea ese 
from Manganiferous Iron Ores 


The importance of manganese in the production of steel and the compara- 
tively small domestic reserves of manganese ores have focused attention upon 
the problem of producing ferromanganese from our more abundant deposits of man- 
ganiferous iron ores. The e:tperimental work was centered upon the brown mangan- 
iferous iron ores which occur in large well-developed deposits on the Cuyuna 
range in Minnesota. 
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TABLE 8&3. - Temperatures Across Three Planes of uxperimental 
Blast Furnace Turing Ferromanganese Test = 
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Tests with an experimental blast furnace, a small open-hearth furnace, and 
small electric furnaces of the arc type have demonstrated that ferromanganese 
can be produced from manganiferous iron ores by a three-step process, as follows: 


1. The ores are smelted in a blast furnace according to the general prac- 
tico of producing spiegeleisen. The metal produced does not, however, conform 
to standard grades of spiegel. It would contain from 12 to 15 percent mangan- 
ese, 0.5 percent phosphorus, and about 80 percent iron. There is no market for 
metal containing manganese, iron, and phosphorus in these proportions. 


2. High-phosphorus spiegel, made in step 1, is neat treated in either a 
basic open-hearth furnacéor a basic electric furnace. Iron ore is added to 
oxidize the manganese and.to get it into the slag. To do this rapidly and with 
the desired degree of completeness an excess of iron ore is used. Phosphorus 
is oxidized sitmltaneously with the manganese and enters the slag. There is 
enough difference in the rate of reduction of ferrous phosphate, ferrous oxide, 
and manganous oxide to permit adjusting the iron and phosphorus with a compara- 
tively small return of manganese to metal. The necessary reducing conditions 
can be established by covering the slag with a 2- or 3inch layer of small coke. 
When the slag contains 25-to 35: ‘percent ferrous oxide it is very fluid, but as 
the ferrous oxide content. is lowered to 6 or 8 percent and the manganous oxide 
is increased to 60 to 70 percent the slag becomes very viscous unless silica or 
@lumina is added as a thinning agent. . It would be feasible to add predetermined 
amounts of these oxides at the beginning of the heat or to use iron ore contain- 
ing amounts of silica and alumina needed to. obtain a workable slag. Although 
@lumina has a thinning effect upon the slags, it is neither as abundant nor as 
cheap as silica. If some substantial advantage could be gained in the next 
operation of converting the high-manganese slag or artificial manganese ore 
into ferromanganese, the use of alumina might be justified. 


The electric furnace has distinct metallurgical advantages over the open- 
hearth furnace for separating the manganese from the iron and phosphorus in 
low-grade spiegel. The chief advantages are in flexibility and in a more 
strongly reducing atwosphere which permit greater speed in adjusting the iron 
and phosphorus to the limits usually set for manganese ore. 


3. High-manganese slag containing 60 to 70 percent manganous oxide, 5 to 
6 percent ferrous oxide, and about 20 percent silica plus alumina resembles 
sinter, another fused product. It is porous and contains manganosite as a prin- 
cipal slag constituent. There was no serious doubt about being able to produce 
ferromanganese from high-manganese slag, but there was evidence from crucible 
tests indicating that alumina has distinct advantages over silica as a thinning 
agent. It was desirable to check this evidence with an experimental furnace 
test. Information obtained upon this point and upon other phases of ferroman- 
ganese practice follows: 


(a) Operation of the experimental blast furnace on high-manganese slags 
fluxed entirely with silica was more satisfactory than on slags fluxed with 
alumina. In view of the greater cost of alumina as compared to silica and of 
the results obtained in smelting the two types of slag in the experimental fur- 
nace, alumina is not recommended as a thinning agent for high-manganese slag 
intended for use in the production of ferromanganese. 
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(bo) High-manganese slag resembles sinter in physical texture. It is por- 
ous, contains little potential dust, and undergoes no size degradation in the 
furnace. Dust losses were almcst completely climinated in operating the ex- 
perimental furnace on this material. The total loss of manganese due to dust- 
ing of the ore, volatilization of manganese, and oxidation of tne manganese at 
the tuyeres followed by dusting ranges from 15 to 25 percent in practice. Some 
manganese ores result in hign stecik losses because they become very soft after 
heating and break down to dust uncer tne abrasive and crushing action of the 
coke in the blast furnace. Size cezrauation in the furnace not only leads to 
dust losses but causes channe/ling of the gases. The gas distribution in the 
experimental furnace was fer more regular when operating on the high-manganese 
slag than when operating on ttvo natural manganese ores, one of which was parti- 
cularly susceptible to dusting. Due.to the small amount of dust produced when 
operating the experimental furnace on hizh-manganese slag, it was possible to 
isolate the loss of manganese by voletilization. This loss, not distinguishable 
from ordinary dust losses in comercial practice, averaged 4 percent of the man- 
ganese charged. The physical character of the slag, which was particularly 
beneficial in operating the small furnece, would also be desirable in the opera- 
tion of industrial furnaces. : ha ge _ = ge 


(c) High-manganese slags are less desirable chemically than the imported 
ores from which most of our ferromanganese is produced. Silica, essential in’ 
‘tne second step in maintaining a fluid and workable slag in the. presence of 60 
to.70 percent manganous oxide, would increase tne weight of slag per ton of — 
ferromangenese about 1,900 pounds over ‘the amount normally produced. This ad- 
ditional slag would, if it contained 10 percent manganese, represent a loss of 
about 5 percent of the manganese charged. Such a loss would probably be offset 
by eliminating dust lossés. The 1,000 pounds of additional slag would require 
additional coke and rould decrease uae pene ES 

0) Results from the secetincnca Smet indicate that it is:desirable 
to use part dolomite as flux. This is particularly true as the amount of basic 
fluxes is increased. Slag reaching the tuyeres and crucible contain manganous 
oxide which together with calcium ozide and magnesium oxide ~~ essential in the 
final stages of reduction -~ tends to increase the viscosity of the slag. It 
appears that magnesium oxide pro..tes fluidity and is particularly valuable, 
while the slag is still high in manganous oxide. Equal amounts of dolomite and 
calcite gave the best results on the le a furnace. ° 
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